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Summary 
 
An innovative cellular lightweight concrete has the potential to offer significant 
environmental benefits to the Australian construction sector. It has the potential to reduce the 
self weight of normal concrete structures by up to 50% and to offer environmental advantages 
with its superior insulation properties. The porous microstructure of the material provides 
better sound and temperature insulation than normal concrete. 
  
Initial studies have shown that the strength of this cellular concrete changes significantly with 
the moisture content of the material itself.  Concern has therefore been raised about the 
possible changes in moisture content during in-service conditions and the resultant effect on 
compressive strength. Therefore, it is vital to understand the equilibrium moisture content of 
the material under standard exposure conditions according to Australian Standards. The 
structural application of cellular concrete also requires a sound understanding of the drying 
shrinkage of the material, since differential shrinkage could cause warping and cracking of 
the structures. In calculating the drying shrinkage of normal concrete, the basic shrinkage 
strain is determined using standard specimens and then modified to allow for the size effect. 
This method requires some validation/modification prior to application to cellular concrete.  
 
The research work presented here has addressed the above gaps in knowledge through a 
comprehensive experimental program covering moisture content, compressive strength and 
drying shrinkage of cellular light weight concrete under different exposure conditions. 
Compressive strength, moisture content, and exposure relationships have been established by 
means of the exposure of 100 mm cubes cut from panels to six different service exposure 
conditions, preceded by the conditioning methods adopted in the normal manufacturing 
process for panels. It is observed that exposure to different environments with a range of 
relative humidity from 30% to 80% changed the equilibrium moisture content of the material 
by between 4% and 8%. This change led to a 33% change in compressive strength, which 
indicates that care should be taken in electing surface coatings if the material is used in load- 
bearing structures. 
Summary 
2 
 
The drying shrinkage of the cellular lightweight concrete has been examined through the 
design of an experimental program covering age, dimensions of specimens and the exposed 
environment as major variables. The current AS3600 drying shrinkage model has been 
modified to predict the drying shrinkage of the cellular lightweight concrete studied here. 
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Chapter 1    INTRODUCTION 
 
 
_________________________________________ 
 
 
1.1  Cellular lightweight concrete 
 
Cellular lightweight concrete is a type of concrete that is lighter than conventional concrete 
which still provides similar strengths to lower grades of normal strength concrete. The basic 
concept in the manufacture of cellular lightweight concrete is the creation of a porous 
microstructure through entrapment of air in the concrete mix. This can be achieved with the 
addition of pre-formed bubbles or chemical admixtures which create a reaction to generate air 
bubbles. These created pores are different to the pores created by hydrating cement paste 
during the early ages of concrete. The new material has generated interest in the construction 
industry due to the many advantages offered by the possible reduction of selfweight in 
concrete structures. The selfweight in concrete structures may be as high as 40% of the 
design loads resisted by the structure. With a reduction in selfweight, the dimensions of 
concrete structural elements may be reduced, offering a sustainable advantage in concrete 
construction. Other advantages offered by cellular lightweight concrete are improved sound 
and temperature insulation. 
 
The development of cellular lightweight concrete materials started more than 60 years ago. 
There are two major types of cellular lightweight concrete: autoclaved cellular lightweight 
concrete and non-autoclaved cellular lightweight concrete. One of the well-known autoclaved 
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lightweight concretes is Hebel concrete (www.hebelaustralia.com.au, 2007) and one of the 
new non-autoclaved cellular lightweight concretes is the one studied here, HySSIL cellular 
lightweight concrete.  
 
 
1.2 Non-autoclaved lightweight concrete: HySSIL cellular  lightweight 
concrete  
 
The new non-autoclaved cellular lightweight concrete product (HySSIL) investigated in the 
work reported here, was originally developed through collaborative research between CSIRO 
and Hyssil Pty Ltd. The material addresses an urgent need faced by the construction industry 
to reduce the environmental impacts of construction such as the embodied energy of 
materials, construction pollution, operation energy of facilities, reduction of transportation 
costs and the associated pollution, and an increase in the speed of construction. HySSIL is 
approximately half the weight of conventional concrete, has five times the thermal resistance 
of conventional concretes, has comparable acoustic and fire resistance properties and can be 
used as load-bearing structural elements for members subjected to moderate loads. Another 
important attribute of HySSIL is the dense skin and porous inner structure, which effectively 
addresses many of the issues associated with the durability of aerated concrete. 
 
Aerated concrete or cellular concrete is a concrete that has no aggregates but contains stable 
air or gas cells uniformly distributed through its mass (ACI523.3R. 1993). It is defined by 
Short and Kinniburgh (1978) as a more or less homogeneous, fine-grained structure enclosing 
largely non-communicating air pores, introduced to the concrete through either chemical 
reactions during the mixing or by using pre-foaming agents. Kadashevich et al (2004) have 
used a statistical model to predict the geometrical structure of aerated autoclaved concrete. 
However, to date the work has not progressed to the next level where the structure is used to 
predict the strength. 
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1.3  Research significance 
 
The relevant Australian Standards AS3600 (2009) do not have specifications for the design 
and construction of cellular lightweight concrete as structural members. However, testing 
standards of autoclaved aerated concrete, such as ASTM C1452, ASTM C1555, BS EN 
1351:1997 and BS EN1352:1997, are well documented. ACI523.3R (1993) covers non-
autoclaved cellular lightweight concrete products with stable air bubbles distributed in a mix. 
However, this guide does not include the products in which gas or bubbles are released from 
chemical reactions within the mix. In the literature, the strength of cellular lightweight 
concrete is generally expressed as a function of porosity ρ and theoretical strength at zero 
porosity σ0. However, this relationship depends on many factors; primarily mix design, 
moisture conditions and testing methodology. This produces a relatively large spread of 
results in the strength-density curve as shown in Figure 1.1 Thus, there is no single 
mathematical expression for the strength-density relationship valid for all types of cellular 
lightweight concrete. 
 
Figure 1.1 Strength-density relationships and the stress-strain curve of HySSIL cellular 
lightweight concrete (Mak et al, 2007) 
 
Phan (2005) indicated that the structural properties of HySSIL cellular lightweight concrete 
are significantly different compared to conventional concrete. As shown in Figure 1.1, the 
stress-strain curve under uni-axial compression shows a significant difference in ductility 
between the HySSIL cellular lightweight concrete and conventional concrete. There has been 
no reported work on the long-term properties of non-autoclaved aerated cellular concrete. In 
CLC 
Normal concrete 
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normal strength concrete, the strength is considered to be independent of the moisture content, 
whilst in cellular concrete, the exposed environment may be an inherent design parameter. 
Another major issue to be addressed is the observed relationship between density, strength 
and moisture content. The lack of coarse aggregate and porosity of the material may lead to 
high drying shrinkage of the material when in dry environments. However, it may be 
hypothesised that the dense skin will reduce drying effects and the pores may absorb some of 
the shrinkage stresses, thus reducing the overall effect. 
 
Development of the new cellular lightweight concrete for field application will assist the 
construction industry in meeting the challenges of environmental sustainability on a number 
of fronts, including reducing the embodied energy of the concrete structures through lighter 
weight, reducing the operation energy through better acoustic and temperature insulation 
properties and reducing the pollution associated with construction processes and 
transportation. Reduction of the self-weight of concrete structures by up to 50% will present 
opportunities for many other applications.  
 
Whilst autoclaved aerated lightweight concrete (AAC) has been studied by a number of 
researchers (Short and Kinniburgh, 1978) for the development of some of its properties, it is  
expensive to produce since it requires a large amount of energy to cure the concrete under 
high-pressure steam. Therefore, AAC cannot be classified as an environmentally beneficial 
construction material and is not used widely by the construction industry. On the other hand, 
the non-autoclaved lightweight concrete investigated here can be produced at costs 
comparable to conventional concrete. In fact, non-autoclaved cellular lightweight concrete 
has the potential for widespread use if its material and structural behaviour can be established 
and enhanced through a well-designed research program. 
 
The limited work published to date on non-autoclaved cellular lightweight concrete has been 
on the development of qualitative relationships rather than quantitative generic expressions 
based on a fundamental understanding of the material (Phan, 2005). The testing methods used 
for conventional concrete are not applicable to cellular lightweight concrete, since the method 
of manufacture creates a denser skin and a porous inner structure. Cube specimens are 
Chapter 1 - Introduction 
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generally used as compressive test specimens. Testing is needed usually in two directions: in 
the direction of rising and in the direction perpendicular to rising.  Two major areas in which 
a further understanding is essential are the relationship between the strength and exposed 
environment and the long term drying shrinkage of the material which will influence the 
structural behaviour of the concrete. Research program presented here attempted to address 
this gap in knowledge. 
The work reported in the present thesis is focussed on two main areas:  
• Understanding the equilibrium moisture content of the material in a given exposed 
environment and the resulting compressive strength 
• Drying shrinkage of HySSIL cellular lightweight concrete under different exposure 
conditions 
1.4  Aims 
 
The specific aims of this research program are to: 
• Identify the major factors influencing the compressive strength and drying shrinkage 
of cellular lightweight concrete 
 
• Develop a suitable testing method to determine the compressive strength and drying 
shrinkage of cellular lightweight concrete. 
 
• Determine the equilibrium moisture content of cellular lightweight concrete when 
exposed to different environmental conditions 
 
• Predict the compressive strength of cellular lightweight concrete as a function of 
moisture content 
 
• Measure the drying shrinkage properties of cellular lightweight concrete under 
different exposure conditions. 
 
• Develop and validate a drying shrinkage model for the cellular lightweight concrete 
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1.5  Organisation of the thesis 
 
Chapter 2 presents a comprehensive literature review of the compressive strength and drying 
shrinkage of HySSIL cellular lightweight concrete and identifies challenges in adapting 
existing standard testing methods to understand the behaviour of cellular lightweight concrete.  
Chapter 3 builds on the findings of the literature review and develops an experimental 
program to cover the compressive strength and drying shrinkage of cellular lightweight 
concrete.  The full experimental program and the selection of variables and variations are 
presented here. Chapter 4 reports the details of the execution of the experimental program 
including development of the mixing methods, the testing methods and parameters, while 
Chapter 5 presents the results of the experiments and analysis. Chapter 6 presents the 
development of a drying shrinkage model to predict the shrinkage behaviour of the HySSIL 
cellular lightweight concrete, and Chapter 7 reports the conclusions and recommendations for 
further research. 
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Chapter 2    LITERATURE REVIEW 
 
 
_____________________________________ 
 
 
2.1  Introduction 
 
The purpose of the literature review presented here is to understand the types of cellular 
lightweight concrete reported in previous work, understand the parameters affecting the 
properties of HySSIL cellular lightweight concrete and review the testing methods adopted 
for HySSIL cellular lightweight concrete, specifically for compressive strength and drying 
shrinkage. It is known that the porosity of concrete, exposed environment, density, size of 
specimen, mix proportions and other mix parameters affect the properties of concrete in 
general. However, some of these parameters will influence the behaviour of cellular 
lightweight concrete more than the others. In order to understand the behaviour of this type of 
concrete, especially in relation to drying shrinkage and compressive strength, a well-planned 
research program is required. In this chapter, major previous studies of cellular lightweight 
concrete are reviewed and the observed mechanical properties and testing methods adopted 
are outlined. The literature review formed the basis for the major research program presented 
in this thesis. 
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2.2  Introduction to Lightweight concrete  
 
2.2.1 Classifications 
 
Lightweight concrete is a concrete that has a density lower than that of conventional concrete. 
The density may range from 300 kg/m3 to 2000 kg/m3 compared to normal concrete that has a 
density around 2300kg/m3 to 2400kg/m3. The lower density is achieved through air 
entraining to induce pores or voids in the mixes or by using low-density aggregate. As Mak et 
al (2007) suggests, no standard code exists for the classification of lightweight concrete. 
Therefore, the classification of lightweight concrete is currently based on its density. This is 
because in most cases the strength and the density of concrete are directly related. According 
to Mak et al (2007) ACI213R-18 classifies lightweight concrete according to its density and 
applications as shown below:    
 
• Low density concrete: This lightweight concrete has a density ranging from 300 
kg/m3 – 1000 kg/m3. It is used as a non-load-bearing part of a building, such as 
insulation and partitions. The strength of this concrete is less than 7 MPa, and the 
aggregates most commonly used are vermiculite and perlite. 
 
• Medium density concrete: has a density around 1000 kg/m3 to 1600 kg/m3. The major 
aggregates used in this type of concrete are pumice and scoria. This type of concrete 
is generally a cementious product which can be used as a load-bearing material. The 
minimum strength of this type of concrete is around 17 MPa.  
 
• Moderate density concrete with a density interval between 1600 kg/m3 to 2200 kg/m3 
can also be referred to as structural lightweight concrete and is used for load-bearing 
structures. Aggregates used in this type of concrete are mainly fuel ash, expanded slag 
and shale. 
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2.2.2 Advantages 
 
Compared to traditional concrete, lightweight concrete provides several benefits which can be 
divided into three perspectives: 
 
• Engineering 
Reduction of Dead Load: The mass per unit strength is lower in lightweight concrete. 
This offers significant advantages in reducing the self-weight of concrete structures such 
as high-rise buildings. 
 
Seismic / Earthquake reaction: Lightweight concrete is better at absorbing shock 
reactions compared to ordinary concrete. Lightweight concrete can easily absorb impact 
loads without damaging the concrete.  
 
Insulation: Bazant and Kaplan (1996), based on the tests carried out by Abrams in 1979, 
observed that the thermal diffusivity of lightweight concrete is lower than that of ordinary 
concrete. Experiment of Neville (1981) on thermal conductivity also showed that 
lightweight concrete has lower thermal conductivity than ordinary concrete. Therefore, it 
can be assumed that the fire resistance of lightweight concrete is better and hence the 
insulation properties are greatly enhanced.  The is due to the porous nature of the concrete 
and the reduction of the spalling effect due to expansion of entrapped water. 
 
Sound absorption: John (1997) suggested that the transmission of noise is inversely 
related to the air interface of concrete. In addition, as lightweight concrete is energy- 
absorbent in nature, more sound will be absorbed by the material. 
 
Flexibility and ease: John (1997) found that lightweight concrete can be modified without 
difficulty. Ordinary tools can be utilized for alteration without the need of pre-drilling. 
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Lightweight concrete also provides a number of choices in in-situ casting as well as 
factory manufacture as it is light and can be handled easily. 
• Economic 
Time-saving: Since less mass is involved in construction compared to ordinary concrete, 
construction time can be reduced. Building components such as floors, walls, ceilings and 
roofs with lightweight properties can be transported and handled much more easily. 
 
Cost-saving:  Due to its lightness, lightweight concrete can easily reduce the cost of 
transportation, labour and handling.  
 
• Environmental 
Whilst lightweight concrete was originally developed to replace normal concrete, it can 
also be customised to replace timber in residential construction. Thus, deforestation can 
be greatly reduced. Moreover, the prospective ingredients for lightweight concretes are 
mostly derived from industrial waste, such as fly ash. This will assist in converting the 
waste into greener products. Also, the fact that lightweight concrete is lighter than 
traditional concrete helps to save some CO2 emissions, especially during transportation of 
the materials. 
 
 
Apart from its advantages, lightweight concretes also have several disadvantages. For 
instance, they are usually more expensive than ordinary concrete and the production process 
of lightweight concrete needs considerably more attention than that of traditional concrete. 
However, in many ways the advantages of lightweight concrete overshadow its disadvantages. 
In recent years, architects and builders worldwide have followed the trend of using 
lightweight concrete as building material. Scientists and engineers have also been researching 
lightweight concrete for applications such as prestressed concrete, wall cladding for tall 
buildings and for roof structures. 
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2.3  Factors affecting mechanical properties of HySSIL cellular lightweight 
concrete 
 
 
 
2.3.1 Compressive strength 
 
• Humidity of the environment 
The density of the HySSIL cellular lightweight concrete studied here is ranged from 1200 to 
1600 kg/m3. Based on the technical data, HySSIL can be categorized as between medium 
density concrete and moderate density concrete. This type of concrete can therefore be 
employed as the load bearing component of structures.  
 
As mentioned previously, its porous nature is the distinctive characteristic of the HySSIL 
cellular lightweight concrete. This porosity can greatly affect the moisture content of the 
cellular concrete. For example, in a highly moist environment, the voids can easily be 
replaced by water molecules, hence weakening the concrete. On the other hand, if the 
concrete is exposed to a low humidity environment, HySSIL cellular lightweight concrete 
will dry out faster than conventional concrete.  
 
According to the Bureau of Meteorology, Australia (2008), Relative Humidity is defined as 
“the amount of moisture in the air as a percentage of the amount of moisture present if the air 
was saturated at that temperature”. It also states that the relative humidity of saturated warm 
air is higher than cool saturated air. Neville (1981) suggested that the relationship between 
the loss of water from concrete and relative humidity is inversely proportional.  
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Figure 2.1 The relationship between the loss of water and relative humidity for normal weight 
concrete (Neville et al, 1981) 
 
From Figure 2.1 above, it can be said that water in concrete under low humidity exposure has 
a greater chance to evaporate than under high humidity exposure. Under high humidity 
exposure, the environment surrounding the concrete is very moist; therefore, water in the 
concrete will evaporate at a lower rate than in low humidity exposure, where the ambient 
environment of concrete is very dry. Moreover, Neville (2004) found that wind velocity and 
temperature also affect the evaporation of water. The loss of water will also be affected by 
the age of the concrete during the early ages of concrete. The trend shown in Figure 2.1 
would only be valid for a given type of concrete at a given age. 
 
Australian Standard AS3600 (2009) divides the environmental exposure categories in 
Australia for concrete structures into four different types: arid environments, interior 
environments, temperate inland and tropical/near coastal environments. Melbourne is 
classified as a temperate inland environment. In addition, based on statistics from the Bureau 
of Meteorology Australia (2008), the average humidity in Melbourne ranges from 50% to 
80%.  AS3600 also states that concrete with characteristic strength not less than 20 or 25 
MPa in Melbourne should be initially cured continuously for at least 3 days or be cured by 
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advanced methods to achieve compressive strength not less than 15 MPa. Concrete with 
characteristic strength of 20 – 25 MPa can also be classified as a structural lightweight 
concrete. In order to achieve the ideal characteristic strength, according to AS3600 (2009), 28 
days is the ideal duration for standard curing of concrete as the load-bearing structural 
concrete continues to gain strength during its curing between 1 to 28 days. 
 
• Moisture content of the concrete  
Due to the porous nature of cellular concrete, the moisture content is a key factor influencing 
many properties in HySSIL cellular lightweight concrete (Phan, 2005). The definition of 
moisture content from RILEM (1993) can be accepted as a universal guide in studying the 
influences of moisture content on aerated concrete. RILEM describes moisture content as the 
ratio of the weight of water content contained in the pores to the weight of solid. The 
equation for calculating moisture content is  
 
MC = ΔM x 100%                                                               (2.1) 
    M 
where 
MC  = moisture content of sample at test 
ΔM = mass loss during drying 
M = mass of specimen after drying 
 
The standard procedure for acquiring the data on moisture content is by measuring the 
weights of concrete before and after drying. Fragments of a specimen tested for compressive 
strength can be placed in an oven at the temperature of 105 + 50C until an equilibrium weight 
is reached. Phan (2005) reported that 95% of the fragments is adequate to identify moisture 
content if all the fragments of the testing sample cannot be recovered.  
The relationship between moisture content and density of concrete is a significant factor in 
load-bearing structural concrete. The bulk density can influence the dead load of the concrete 
in the structure, which affects the design of the foundation that bears the self-weight of the 
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structure. In recent years, testing of the relationship between moisture content and bulk 
density has been carried out by CSIRO. The study of the relationship is conducted under 
three different humidity exposures for 28 days: 30%, 25% and 15% humidity. 
 
Figure 2.2 Moisture content vs density for three loads bearing cellular concrete 
at 50% humidity (Mak et al, 2007) 
 
From Figure 2.2 it is evident that the density of load-bearing cellular concrete increases as the 
water content increases. The water that subsides in the pores of concrete contributes to the 
self-weight of HySSIL cellular lightweight concrete. It also shows that cellular concrete 
under low humidity exposure has a lower moisture content. Since the density and the 
moisture content are significant factors that affect the strength of cellular concrete, the 
sensitivity of density and strength to moisture content require intensive attention from 
researchers. 
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Figure 2.3 Compressive strength vs density of load bearing cellular concrete 
under various moisture contents (Mak et al, 2007) 
 
Figure 2.3 shows that, as the density rises, compressive strength increases and vice versa. The 
figure also shows that moisture content has an inversely proportional relationship to 
compressive strength. Lower moisture content in load-bearing cellular concrete shows greater 
compressive strength compared to higher moisture content. This statement is confirmed by 
RILEM (1993) and Neville (1981) on the testing of autoclaved aerated cellular concrete and 
ordinary concrete, respectively. Svanholm (1983) reported that drying concrete to constant 
mass increases its strength. Mill (1960) reports that loss of strength by wetting compression 
test samples is due to dilatation of the cement paste caused by water absorption, which 
reduces cohesion forces of the solid particles. However, Phan (2005) reported that this 
phenomenon is still not widely accepted by researchers.  
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• Porosity of the concrete 
In general, structural lightweight concrete, due to its porous nature, usually absorbs more 
water than dense concrete. However, in construction practice, water absorption is not usually 
a critical problem. This is because of the surface lamination of structurally-loaded lightweight 
concrete. However, if the lamination is ineffective or improperly placed, the exposed 
environment will affect the moisture content of the material due to high porosity. As porosity 
is a main characteristic of cellular concrete, it also influences the other main properties of the 
cellular concrete. Therefore, the porosity-strength relationship of concrete needs careful 
attention in order to develop an appropriate design for load-bearing cellular concrete.   
  
Porosity can be defined as the measure of void space in material. Bazant and Kaplan (1996) 
reported that the porosity of cellular lightweight concrete is in the order of 40 to 60 percent 
compared to around 15 percent for traditional concrete. Moreover, according to Phan (2005), 
a measure of porosity itself cannot quantify the porous nature of cellular lightweight concrete. 
The porous character of cellular lightweight concrete is represented by the spreading of air 
pore size and the total air volume in the material. Phan (2005) suggests that there are two 
types of air pores in cellular lightweight concrete. One is the artificial air pores which are 
generated by substances (either by chemical reaction or by the use of pre-formed foam) added 
to create cellular concrete. The other is the air pores that occur naturally inside solid cement 
matrix. These are called inherent air pores.  
 
According to Phan (2005), the definition of porosity mentioned above is absolute porosity in 
cellular lightweight concrete, which can be measured by using the vacuum saturation method 
invented by Cabrera and Lynsdale in 1988. The equation used to measure absolute porosity 
is : 
 
P    =  Wsat – Wdry  x 100%                                                    (2.2) 
   Wsat – Wwater 
 
where 
P  = vacuum saturation porosity 
Chapter 2 – Literature Review 
 
19 
 
Wsat = weight in air of saturated sample 
Wwat = weight in water of saturated sample 
Wdry = weight of oven dry  
 
The other type of porosity is relative porosity. Phan (2005) defines the relative porosity of 
aerated concrete as the ratio of different influences of solid matrix and porous structure to the 
properties of cellular lightweight concrete. The solid matrix without any artificial air bubbles 
is considered to have zero porosity. Phan (2005) states that the equation elaborated by Gibson 
in 1988 to calculate relative density is: 
 
P = 1 -  ρ*                                                                                 (2.3) 
                       ρs 
 
where 
P = Relative Porosity 
ρ* = Cellular material density 
ρs = Solid material/ matrix density 
 
As for the relationship between porosity and strength of cellular lightweight concrete, Luping 
(1986) concluded that large size pores play a major influence in weakening material, and that 
material containing more large size pores with lower porosity can have lower strength than 
that which has higher porosity with fewer large size pores. Neville (1981) suggested that 
porosity and compressive strength showed an inversely proportional relationship. 
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Figure 2.4 Logarithm of compressive strength vs logarithm of porosity on cement paste 
(Neville et al, 1981) 
 
Phan (2005) reports several equations for measuring strength using porosity from other 
researchers’ studies and reports in the past. However, those proposed formulae cannot be 
used as a generic relationship between strength and porosity relationship as those formulae 
are only valid under certain conditions. The reason for this is that most researchers treated 
compressive strength at zero porosity as a subjective value to fit into the mathematical 
formula chosen. According to Phan (2005), compressive strength at zero porosity cannot be 
obtained from laboratory tests. It is achieved by extrapolation from experimental data. In fact, 
strength at zero porosity can vary depending on the mathematical equation used. Therefore, 
the findings of various researchers cannot be directly compared and related. 
 
 
 
2.3.2 Drying shrinkage 
 
According to Australian Standard AS3600 (2009) Section 3.1.7, there are a number of factors 
that significantly influence the shrinkage of normal weight concrete . It may be assumed that 
the shrinkage behaviour of cellular lightweight concrete will also be influenced by similar 
factors, if not totally the same, as normal concrete. 
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AS3600 (2009) gives that the design shrinkage strain of normal concrete ( ) is the sum of 
the chemical shrinkage strain ( , which is also known as autogenous shrinkage strain, 
and the drying shrinkage strain ( .  
                                                                                                                          (2.4) 
 
The autogenous shrinkage is the initial shrinkage of concrete before there are even any 
moisture movement and temperature changes. This type of shrinkage is affected by time (t) in 
days after setting and 28-days concrete strength,( f’c). 
 
                                                                                        (2.5) 
where 
                                            (2.6) 
 
The drying shrinkage is defined in AS3600 as follow, 
 
                                                           (2.7) 
where  
                                                                                                                 (2.8) 
 
                                                                                                     (2.9) 
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 is a constant that is affected by the environment that the specimens are exposed to.  
values, as mentioned in the AS3600 will be 0.7 for an arid environment, 0.65 for an interior 
environment, 0.3 for temperature inland environment and 0.5 for a tropical or near-coastal 
environment. 
 
 is the basic drying shrinkage strain defined as 
 
                                                                                     (2.10) 
 
where 
 is the final drying shrinkage strain that is influenced by the local aggregates. 
The value for Sydney and Brisbane is taken as 800 x 10-6, Melbourne, 900 x 10-6 and 
1000 x 10-6 elsewhere. 
 
All the calculations using AS3600 (2009) model will need to consider the fact that the design 
shrinkage strain of normal concrete ( ) has a range of ±30% 
 
There are no shrinkage models reported in literature for cellular light weight concrete. The 
new AS3600 model appears to capture all the parameters affecting shrinkage of concrete. The 
parameters could be listed as: 
o Autogenous shrinkage, which is a function of the compressive strength of concrete 
o Exposed environment 
o Size effect 
o Time of exposure 
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Other reported work, ACI213R-87 (1994), also identified the parameters listed above as those 
influencing the design shrinkage of concrete. The additional parameter which could be 
included is the type of coarse aggregate, stiffness of which will affect the total resulting 
shrinkage. Perera and Setunge (2004) developed a composite material model to predict the 
autogenous shrinkage of high strength concrete using stiffness of coarse aggregate and mortar 
as well as the cement content as major variables. Since the cellular material studied here does 
not have coarse aggregate, it can be assumed to be a more homogenous material than normal 
concrete. Therefore the AS3600 (2009) approach may be more appropriate for predicting the 
shrinkage behaviour of cellular light weight concrete.  
 
Out of the parameters influencing drying shrinkage, the autogenous shrinkage takes into 
account the chemical shrinkage of the concrete material, which is a function of the hydrated 
cement content in the concrete mix. In the work reported herein, cellular light weight 
concrete studied has the same mix proportion. Therefore autogenous shrinkage will not be a 
variable in the work reported here. Exposed environment, time of exposure and the size of 
specimen can be selected as the major variables in the work presented here. 
 
 
2.4  Method of manufacturing cellular lightweight concrete and HySSIL 
cellular lightweight concrete 
 
There are several methods adopted to produce a lightweight concrete. First method is by 
using porous lightweight aggregate which has low apparent specific gravity compared to 
common aggregate. Lightweight aggregate that has been used is the artificial aggregate 
whose specific gravity is lower than 2.6. The second method is by merely excluding fine 
aggregates from the mix so that huge amounts of voids are created. This method only uses 
coarse aggregate, with sizes ranging from 9 to 19 mm, in its mixture. The other method is 
known as aerated, cellular, foamed and gas concrete. This concrete is cast by adding a 
substance that causes a chemical reaction to produce gas bubbles or foam to uniformly 
distribute the voids between aggregates.  
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The aerated concrete studied here, also known as aerated mortar due to its lack of coarse 
aggregate, has several advantages compared to lightweight aggregate and no-fines concrete. 
This concrete provides better properties for both thermal and water resistance. Moreover, the 
cellular lightweight concrete studied here is independent of lightweight aggregate to make it 
lighter as it uses stable gas bubbles to expand the concrete.  
 
Neville (1981) suggested that the types of lightweight concrete classified by the pore forming 
method can be divided into gas concrete and foam concrete. Gas concrete is produced by 
generating a chemical reaction between the gas bubbles and other components of the mix, 
while foamed concrete is obtained by placing a foaming agent into the mix to create air 
bubbles during mixing. Foamed concrete does not create a chemical reaction like gas 
concrete. In addition, Phan (2005) states that the combined pore-forming method, which 
generates aerated concrete with low density and adequate physical properties, is also a part of 
the classification.  
 
In the production of cellular lightweight concrete two different curing types may be adopted: 
curing under high-pressure steam or under atmospheric pressure. The first method is known 
as autoclaving, where the concrete will be put into a curing chamber with a pressure vessel 
supplying wet steam. The optimum curing temperature is about 1770 C (Neville, 2004).  The 
other method (Short and Kinniburgh, 1978) is curing under atmospheric pressure. This is 
known as the low steam curing method, and uses temperatures ranging from 60-80 0C. 
According to Phan (2005), the optimum temperature is between 180 and 2100 C, with 
pressure of 11 to 15 atmospheres. The reports and research to date suggest that autoclaved 
aerated concrete possesses higher strength, higher durability, lower shrinkage and lower 
moisture movement compared to non-autoclaved aerated concrete (Neville, 2004; Phan, 
2005).  
 
With adaptation of the autoclaving curing method, the strength of non-autoclaved concrete in 
28 days with normal curing can be achieved in a day. The resistance to chemical attack in 
autoclaved concrete is due to the formation of aluminates which are more stable at higher 
temperature and can therefore resist the presence of sulphates. The microcrystalline from gel-
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formed of cement paste produced by high pressure steam are bigger and coarser than low-
steam pressure. Hence, due to the character of its microstructure, shrinkage and creep factor 
can be substantially reduced.  
The comparison between autoclaving and non-autoclaving has been conducted based on 
lightweight concrete that has the same materials but different methods of curing. However, 
Short and Kinniburgh (1978) as confirmed by Phan (2005) reported that autoclaved and non-
autoclaved cellular concrete naturally utilize different ingredients.  
 
The non-autoclaved cellular lightweight concrete studied here (HySSIL) is composed of fine 
graded sand, type GP (general-purpose) cement silica fume, water and chemical admixtures. 
The manufacturing process system of HySSIL uses the pore forming method combined with 
the gradation characteristic with the non-autoclaved curing technique. Due to its unique pore-
gradation forming method, the concrete has a solid outer skin and a relatively porous inside 
core area. The dense surface area assists the material to be resistant to chemical and moisture 
ingress. Moreover, its dense outer skin also provides a finished surface for construction (eg. 
painting), without the need of rendering and laminating like other aerated concrete products. 
The curing method is divided into two different stages: normal steam curing and conventional 
water curing. The removal of the autoclaving process makes the material more economical to 
manufacture and more environmentally friendly. 
 
2.5  Methods of testing for compressive strength and drying shrinkage 
 
2.5.1 Standard methods adopted for concrete 
 
 
2.5.1.1 Compressive strength testing 
 
Australian Standards AS1012.8.1 (2000) and AS1012.9 (1999) provide the standard methods 
for the testing of the compressive strength of normal concrete.  
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AS1012.8.1 (2000) specifically states the methods for making and curing the standard 
specimens ready for the testing of the compressive strength of normal concrete. The test 
specimens must be in the shape of right cylinders, of which the diameter needs to be either 
100mm when the maximum nominal size of aggregate does not exceed 20mm, or 150mm if 
the maximum nominal size of aggregate does not exceed 40mm. The specimens must be 
moisture cured. 
 
The standard testing method for compressive strength of normal concrete is described in 
AS1012.9 (1999). The code describes that the specimens to be tested must be moist after 
removal from the curing environment. The dimensions of the specimens need to be measured 
and recorded. The testing must be conducted using a class A machine with the continuous 
loading rate of 20±2 MPA compressive stress per minute without shock. Testing is to be 
continued until no increase in force can be sustained by the specimens. The maximum force 
applied to the specimens as indicated by the testing machines is recorded for calculation of 
the compressive strength. 
 
 
2.5.1.2 Drying shrinkage testing 
 
According to AS1012.13 (1992), testing of drying shrinkage for normal concrete, should be 
carried out on specimens of the size of 75 mm x 75 mm with the length of approximately 280 
mm. A stainless steel gauge stud should be cast into each end of the specimens. The gauge 
studs need to be cast so that their principal axes coincide with the principal axis of the test 
specimens and need to be extended into the specimens for approximately 15 mm. At least 3 
specimens need to be prepared for a sample of concrete. The specimens need to go through 
the standard moisture curing. 
 
All the drying and measurements are to be done in the drying room with the humidity and 
temperature set within the range of testing. The initial measurement is to be done on the 7th 
days from moulding. Subsequent measurements of the shrinkage are done on the 14th, 21st, 
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28th and 56th days. The readings from the length comparator are to be carefully recorded for 
drying shrinkage calculations. All shrinkage is to be reported in microstrain. 
 
2.5.2 Methods adopted in testing cellular light weight concrete 
 
RILEM (1993) recommended practice for cellular lightweight concrete prescribes the use of 
150 mm cubes for the determination of compressive strength of the material, which prior to 
testing have been conditioned to moisture content of between 15 and 25% by mass. However, 
RILEM also states that cubes with an edge length of 100 mm are also suitable for 
determination of the compressive strength as the differences in strength between 150 and 100 
mm cubes are negligible. 
 
In Phan (2005), the testing has been done according to RILEM (1993), using 100 mm cube 
specimens for compressive strength testing. The specimens were cast using 100 x 100 x 365 
mm moulds. After demoulding, the specimens were cured in a fog room for 28 days. The 
humidity and the temperature of the fog room were set at 100% and 23oC respectively. The 
samples were placed in such a manner that all sides were exposed equally. The specimens 
were then cut into 100 mm cubes after 28 days. 
 
On the particular day when the testing of the compressive strength was conducted, the load 
was applied on the specimens perpendicularly to the direction of rise of the mass during 
manufacture. 
 
One major issue with HySSIL cellular lightweight concrete is that cubes cast in moulds may 
not represent the strength of concrete in a lightweight panel. Therefore, RILEM methods may 
require modifications for application to HySSIL cellular lightweight concrete. 
 
 
Chapter 2 – Literature Review 
 
28 
 
2.6  Summary 
 
Based on the literature review, the following conclusions can be drawn: 
 
1. The compressive strength of HySSIL cellular lightweight concrete can be influenced by 
the moisture content of the exposed environment. Whilst the previous work has 
indicated that the compressive strength has an inverse relationship with the relative 
humidity of the exposed environment, no reported work to date has studied the 
equilibrium moisture content under a given exposed environment and the resulting 
compressive strength. If the material is to be used in load bearing structures, this needs 
to be established. 
 
2. No reported work to date has studied in detail the drying shrinkage of HySSIL cellular 
lightweight concrete. 
 
3. Methods of testing concrete have to be modified to ascertain the compressive strength 
and drying shrinkage of cellular lightweight concrete. Due to the significant differences 
in methods of manufacturing HySSIL cellular lightweight concrete, the AS1012 (2000) 
procedures cannot be directly followed for this new material. 
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Chapter 3  PLANNING OF THE EXPERIMENTAL 
PROGRAM 
 
 
_____________________________________ 
 
 
3.1  Introduction  
 
The review of literature has indicated that the moisture content of the exposed environment 
will significantly influence the compressive strength of HySSIL cellular lightweight concrete. 
The testing method adopted by other researchers involved monitoring the weight of 
specimens at various stages of drying. However, to date no reported work has examined the 
equilibrium moisture content of HySSIL cellular lightweight concrete in the exposed 
environment and its corresponding strength. This becomes important, if the material is to be 
used in load-bearing structures such as wall panels. 
 
It is hypothesised that the HySSIL cellular lightweight concrete studied here would exhibit a 
high drying shrinkage due to lack of coarse aggregate and the high cement content of the 
material. However, the effect of the specimen size and the exposed environment may also be 
quite significant as the porous nature of the material may have a strain absorbing effect which 
may absorb some of the internal stresses created by the shrinkage strains. 
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This chapter presents the development of the experimental program and the methodology 
proposed for the research project. The experimental program and the methodology of both 
compressive testing and drying shrinkage testing processes were designed by reference to the 
Australian Standards, with some modifications to accommodate the differences between 
normal concrete and HySSIL cellular lightweight concrete. 
 
 
3.2  Manufacturing process of HySSIL cellular lightweight concrete 
 
Prior to outlining the experimental program, it is important to understand the manufacturing 
process of  HySSIL cellular lightweight concrete. Figure 3.1 (www.hyssil.com, 2009) 
presents the mixing process.  
 
3.2.1 Raw materials 
 
As discussed in the previous chapters, HySSIL cellular lightweight concrete is cast with some 
additional admixtures compared to the materials used to cast normal concrete. The major raw 
materials of HySSIL cellular lightweight concrete are cements, pozzolanic additives, selected 
sand, water, extra cement additive and HySSIL activator compound (air entrainer). One of the 
main differences, when compared to normal concrete, is that Hyssil concrete does not contain 
coarse aggregates. All the raw materials are carefully weighed to the planned ratios before 
being poured into the HySSIL mixing unit. 
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Figure 3.1 HySSIL mixing process (http://www.hyssil.com/pdf/Hyssil_Schematic.pdf) 
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3.2.2 Method of mixing 
 
Batching and mixing of HySSIL is similar to that of normal strength concrete. Workability of 
the mix is measured using a standard Marsh funnel cone test. The Marsh funnel cone is a 
funnel with a long neck and an opening of 5 mm. This test is not considered a standard test 
for normal concrete. The test was conducted with a Marsh funnel cone attached to a stand so 
that the small orifice was pointing down and a graduated glass cylinder was placed under the 
cone. The small orifice is closed with a finger and the nominated amount of cement paste is 
poured into the cone. The orifice is opened and a stop-watch started. The time for a certain 
amount of cement paste to flow is recorded. The standard amount of time for the cement 
paste flow depends to a great extent on the mixes required for certain densities.  
 
 
3.2.3 Method of moulding 
 
The mixture is then transferred to different moulds on the casting bed. After being poured 
into the moulds, the mix is allowed to rise. A heavy top plate is put over the mixture to limit 
the height of the specimens and to prevent overflow of the mixture.  
 
When the rising and bubbling of the mixture stops, the surface of the specimens needs to be 
smoothed before transferring the specimens for curing, either by conventional water curing or 
normal steam curing for at least one night. The specimens are then removed from the mould 
and left on the rack in the selected environment for drying out. After 14-28 days, the 
specimens are ready to be transported to the site.  
 
The moulding process creates a dense skin at the top and the bottom of the specimens. This 
dense skin offers benefits such as low surface permeability and ease of finishing, whilst the 
inner structure is cellular (Figure 3.2).  
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Figure 3.2 Typical HySSIL cellular lightweight concrete cast with dense top and bottom skins 
 
Figure 3.3 Average thicknesses of top and bottom skins of HySSIL cellular lightweight 
concrete 
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3.3  Development of the experimental program for Compressive Strength of 
HySSIL Cellular Lightweight Concrete 
 
3.3.1 Specimen Specifications 
 
Australian Standards AS1012.8.1 (2000) and AS1012.9 (1999) Sections 2.5.1.1 state that the 
specimens required for the testing of compressive strength need to be in the shape of right 
cylinders with the diameter of 100 mm or 150 mm. However, with the casting process of 
HySSIL cellular lightweight concrete and the heterogenous nature of the cross-section of a 
HySSIL cellular lightweight concrete specimen, the use of cylindrical moulded compressive 
strength testing specimens will not provide a realistic estimate of the compressive strength of 
HySSIL cellular lightweight concrete. Therefore, a revised testing process has to be 
developed to ascertain the compressive strength of HySSIL cellular lightweight concrete. 
Phan (2005) has demonstrated that 100 x 100 mm cubes can be used to measure the 
compressive strength of HySSIL cellular lightweight concrete. For the work reported here, it 
was decided to use cubes cut from panels and placed in the orientation shown in Figure 3.3. 
The reason for this decision is that the primary application of HySSIL is in concrete precast 
panels. The work reported here can therefore be used to understand the behaviour of panels 
rather than specimens of other shapes. 
 
Figure 3.4 HySSIL cellular lightweight concrete cast for testing of compressive strength 
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3.3.2 Specimen conditioning 
 
The specimen conditioning adopted for standard compressive strength test involved keeping 
the specimens in a sealed plastic bag to prevent loss of moisture from the specimen. This is 
another deviation from the AS1012 (1999) procedure. The reason for this change is that a 
fully saturated HySSIL cellular lightweight concrete specimen will have a lower compressive 
strength than one in in-service conditions due to internal pore pressures. Therefore, normal 
immersed water curing cannot be considered as a standard curing method for the material and 
it will not represent the strength of concrete when used in panel type specimens. 
 
In the experimental program reported here, one of the major objectives was to ascertain the 
equilibrium moisture content of HySSIL cellular lightweight concrete in in-service conditions 
and its resulting compressive strength. 
 
The standard humidity exposure conditions according to AS3600 (2009) are 45%, 50% and 
67%. Two other extreme humidity conditions: 30% and 80% were also included in the 
experimental program. 
Discussion between the researchers and the industry partner were the basis of the plan for the 
ideal conditioning method for compressive strength specimens. Initially, all the specimens 
were kept in sealed bags for 4 days and then they were reconditioned at 50% relative 
humidity until 28 days to simulate the factory conditioning prior transporting to the site. Then 
they were exposed to different environments simulating in-service conditions. 
 
Table 3.1: Number of specimens kept in different exposure conditions in the first 28 days 
Relative Humidity No of Specimens 
0% 2 
50% 52 
100% 18 
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Table 3.2: Number of specimens exposed to different environments from 28-100 days 
Relative Humidity No of Specimens 
30% 10 
45% 10 
50% 10 
67% 10 
80% 10 
 
 
 
3.3.3 Weight Losses and Moisture Content Measurements 
 
Since the previous researchers, Phan (2005) and RILEM (1993), as mentioned in Section 
2.3.1 above, successfully adopted weight loss measurements to ascertain the moisture content 
of cellular lightweight concrete, the same approach was adopted for the present study.  
 
 
3.3.4 Compressive Strength Testing 
 
The loading rate was maintained at the same stress increment as AS1012 (1999), which is 
20±2MPa compressive stress per minute without shock. 
 
 
3.4  Development of the experimental program for drying shrinkage of 
HySSIL cellular lightweight concrete 
 
The AS3600 (2009) drying shrinkage model for normal weight concrete identifies the major 
parameters influencing drying shrinkage as: 
(a) Hypothetical thickness (th) 
(b) Exposed Environment 
(c) Age 
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where th is defined as a parameter capturing the size effect on drying shrinkage calculated as 
2A/Ue where A is the cross sectional area of the drying specimen and Ue is the length of the 
exposed perimeter.  
 
 
3.4.1 Specimens required 
 
As stated in Section 2.5.1.2, the standard shrinkage test given in AS1012 part 3 (1992) was 
conducted with specimens cast to the size of 75 mm x 75 mm approximately 280 mm in 
length. The specimens were cast in moulds into which and two measuring probes were 
inserted.  
 
In order to examine the size effect of HySSIL cellular lightweight concrete on drying 
shrinkage, a range of different specimen sizes were adopted in the work reported here. In 
planning the experiments “th” was varied between 37.5 and 120, and the corresponding 
specimens sizes were calculated. 
 
The different sizes of the specimens were decided by calculating the width of the specimens 
using the nominated th values and the thickness of the specimens. The length of the 
specimens required are calculated from the ratio of the width of the specimens to the length 
of specimens compared to the standard drying shrinkage specimens. For th 37.5, 2 different 
specimen thicknesses were chosen in order to ascertain the size effect of the specimens. Table 
3.3 below shows the nominated th required for the testing, the dimensions and all the details 
of the specimen preparation. For example, 75W x 75H and 280L indicates a specimen with a 
75 mm width, 75 mm height and a 280 mm length. Shrinkage is measured over the length. 
Width and the height define the cross-section which shrinks along the length. 
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Table 3.3 Details of HySSIL cellular lightweight concrete specimens required for the testing      
of drying shrinkage 
Size effect, th Dimension (mm) Number of specimens 
37.5 75W x 75H x 280L 9 
37.5 50W x 150H x 185L 9 
75 150W x 150H x 560L 3 
90 225W x 150H x 840L 2 
120 600W x 150H x 1140L 1 
 
 
The standard specimens were planned to be measured using both standard shrinkage 
comparator and surface-mounted Demec gauges. This experiment was planned to establish 
whether the Demec gauge could be used in all other specimens. 
 
The specimen conditioning adopted was maintained as closely as possible to the standard 
shrinkage tests. 
 
 
3.4.2 Exposure Conditions of the Drying Shrinkage Specimens 
 
AS3600 requires the specimens to be exposed to certain stable exposed conditions for the 
testing to be done accurately. The conditions are: relative humidity of 45%R.H., 50%R.H., 
55%R.H., and 67%R.H, and temperature of 23oC.  
 
For the testing of drying shrinkage, the exposed environments for the specimens were set at 
30% R.H, 50% R.H. and 67%R.H. Two of the standard exposure conditions were chosen for 
the purpose of comparison with the drying shrinkage of normal concrete and 30% R.H. was 
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chosen to simulate the overly dry extreme exposure condition that might cause severe 
shrinkage in the specimens. The temperature for all testing was set at 23oC, as required by the 
standards. The temperature and the exposed humidity were fully controlled by the humidity 
chambers installed for this testing program. 
 
Table 3.4 The number of different specimens under the different exposed environments. 
th Dimensions (mm) 30%R.H. 50%R.H. 67%R.H. 
37.5 75 x 75 x 280 3 3 3 
37.5 50 x 150 x 185 3 3 3 
75 150 x 150 x 560 1 1 1 
90 225 x 150 x 840 - 1 1 
120 600 x 150 x 1140 - 1 - 
 
 
3.4.3 Testing Procedure and Equipment 
 
As discussed above, surface-mounted Demec gauges were used on all specimens to replace 
the standard shrinkage comparators because as the specimens increased in size, the specimens 
were not able to be fit into the gauge. The Demec gauges used in this testing program were 
the 50 mm gauge and the 150 mm gauge. 
It was planned that the drying shrinkage of the specimens would be measured daily for the 
first 7 days except on the weekends, and after that, on the 14th, 21st , 28th, 56th and 112th 
days, which is similar to the testing of shrinkage on normal concrete. The results were 
recorded and analysed. 
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3.5  Summary 
 
The testing of the compressive strength and drying shrinkage of HySSIL cellular lightweight 
concrete in this thesis was planned in detail based on the standard compressive strength and 
drying shrinkage testing programs for normal concrete recommended by Australian Standards 
AS3600 (2009) and AS1012 (1992). 
 
However, due to the differences in properties between normal concrete and HySSIL cellular 
lightweight concrete, the compressive strength and drying shrinkage of HySSIL cellular 
lightweight concrete was hypothesised to be more sensitive to exposure to environmental 
conditions. Changes were therefore made to accommodate the differences in the 
manufacturing process and the structure of Hyssil and normal concrete by changing some of 
the specimen preparation methods and specimen sizes. Due consideration was given to the 
previous research of Phan (2005) and RILEM (1993) during planning of the experiment. 
 
Wherever possible, the testing method was kept as close to the AS1012 (1992) procedures as 
possible. The experimental procedures are described in detail in Chapter 4. 
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Chapter 4 EXPERIMENTAL PROGRAM AND 
METHODOLOGY 
 
 
 
 
4.1  Introduction 
 
Chapter 3 presented the planning of the experimental program to understand the compressive 
strength and drying shrinkage of HySSIL cellular lightweight concrete. This chapter details 
the execution of the planned experimental program and the challenges encountered. All the 
experimental tasks are described in detail. One of the major issues which arose was that not 
all the specimens for compressive strength and moisture content testing could be cut from one 
panel. Therefore, two large panels were made using the same procedure and mix proportions 
to provide the source for the specimens for the compressive strength tests. These panels are 
identified as Panel A and Panel B. 
 
 
4.2  Effect of exposure conditions on the compressive strength of HySSIL 
cellular lightweight concrete 
 
All compressive strength testing was carried out using HySSIL cellular lightweight concrete 
specimens with the dimensions of 100 x 100 x 100 mm. 72 specimens in total were used in 
the testing. These specimens were cut from two large concrete panels cast with similar ratios 
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of ingredients to minimize the variability of the specimens. The density of each concrete 
block was set at around 1500kg/m3.  
 
Figure 4.1 HySSIL cellular lightweight concrete specimen of 100mm x 100mm x 
100mm 
 
 
4.2.1 Curing of the specimens and different environmental exposures 
 
All the specimens required were cast in HySSIL plants, cut into cubes and transferred to 
RMIT. The specimens were then kept in a water bath for 4 days before moving them to the 
humidity chamber with the controlled humidity of 50% and the temperature of 23oC (Figure 
4.2). This procedure was adopted to simulate the factory conditioning of the specimens as 
closely as possible. Nine specimens from each panel were kept in plastic bags to simulate the 
specimen conditioning adopted for compressive strength testing (Figure 4.3). One specimen 
from each panel was kept in the oven with a temperature of 105oC for quick drying and the 
moisture content was established using these. The compressive strength of the specimens 
kept at 50% relative humidity was measured at 7, 14 and 28 days. 
 
After the initial 28 days, the specimens were then moved to different humidity chambers in 
order to expose them to different humidity conditions representing in-service scenarios. The 
standard environments considered in AS3600 (2009) are 45%, 50% and 67%. Two other 
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extreme humidity conditions were also used: 30% and the 80%. All the specimens were kept 
for 100 days when the final compressive test was conducted. 
 
Figure 4.2 Specimens kept in the humidity chamber of 50% humidity and 23oC 
 
 
Figure 4.3 Specimens kept in sealed plastic bag to prevent moisture loss, to simulate 
the 100% humidity environment 
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4.2.2 Weight Loss Measurement 
 
On the 4th day after the specimens were taken out of the water bath and transferred to the 
laboratory, recording of the weight of all the specimens commenced. The weight loss of each 
specimen in different exposed conditions was carefully monitored until the weight of the 
specimens reached equilibrium, or until the specimens were tested for compressive strength. 
The two specimens kept in the oven were weighed on the 3rd day to establish the initial 
moisture content of the specimens immediately after water curing.  
 
 
4.2.3 Compressive Strength Testing 
 
The 7- 14- and 28-day compressive strength tests were conducted on the specimens from the 
50% humidity chamber as well as the specimens kept in plastic bags. To establish the 
strength at each age, 3 specimens from each exposed condition were tested under 
compression. The remaining specimens, after being transferred to different humidity 
environments, were also tested for compressive strength on the 100th day. All the 
compressive strength testing was conducted as described in Section 3.3. 
 
Phan (2005) has demonstrated that 100 x 100 mm cubes can be used to measure the 
compressive strength of HySSIL cellular lightweight concrete. The cubes were cut from 
panels and placed in the orientation shown in Figure 4.4. 
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Figure 4.4 HySSIL cellular lightweight concrete cast for the testing of compressive strength 
 
The specimens were then transferred to RMIT to be kept in different humidity exposure 
conditions. The standard humidity exposure conditions according to AS3600 are 45%, 50% 
and 67%. Two other extreme humidity conditions: 30% and 80% were also included in the 
experimental program. 
 
On the 7, 14, 21, 28 and 100 days, three of the specimens from each exposure condition were 
tested to determine the compressive strength. 
 
 
 
Figure 4.5 Specimens tested in compression 
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4.2.4 Moisture Content Measurements 
 
The procedure to find the moisture content value was suggested by RILEM (1993). After 
testing of the specimens, the broken pieces were collected and placed on a tray. The tray was 
measured initially. 95% of fragments are considered to be adequate to determine the moisture 
content (Phan, 2005). The specimens on the tray were then placed in the oven at 105 ± 500C 
until equilibrium weights were reached. The moisture content value was then calculated. 
 
Figure 4.6 Fragments of the specimen collected for oven drying 
 
 
4.2.5 Equipment Required 
 
Humidity chambers were used to store the specimens under the desired conditions after being 
transferred to RMIT. A well-calibrated weighing scale was used to determine the weight 
losses of the specimens. A 1000 kN capacity MTS testing machine was used for the 
compression testing of the specimens. The displacement rate was set at 20±2 MPa 
compressive stress per minute without shock. 
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Figure 4.7 MTS machine used for compressive strength testing at RMIT 
 
4.3 Testing of the drying shrinkage 
 
4.3.1 Specimens required 
 
All the specimens required were cast at CSIRO and then transferred to RMIT to be exposed 
in the different humidity conditions. 
 
The number of the specimens and their dimensions used in the experimental program are 
shown in Table 3.3. Figure 4.8 shows the standard shrinkage specimen, whereas Figure 4.9 
shows a specimen with the same th as the standard specimen but with different dimensions. 
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Figure 4.8 Standard shrinkage specimens with embedded pin on the side 
 
 
Figure 4.9 Specimens with th 37.5 
 
Figure 4.10 Specimens with th 75 
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Figure 4.11 Specimens with th 90 
 
Figure 4.12 Specimen with th 120 
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4.3.2  Testing Procedure and Equipment 
 
When the specimens arrived at RMIT after the de-moulding of specimens at CSIRO, surface 
Demec points were glued onto the top and the bottom of the specimens with a special 
adhesive designed for Demec points (Figure 4.17). A standard shrinkage comparator (Figures 
4.14-4.16) was used to record the initial length of the standard shrinkage specimens. Demec 
gauges were used for all other specimens. A comparison of the shrinkage measurements of 
standard specimens using the Demec gauges and the shrinkage comparator was used to 
ascertain whether the Demec points can be used in all non-standard specimens. Initial results 
indicated that the Demec gauges offer a reasonable estimate of the drying shrinkage of 
standard specimens compared to the measurements using the shrinkage comparator. 
Therefore, only the Demec devices were used in all larger specimens of HySSIL. 
 
The shrinkage Demec gauges used in this testing program are the 50 mm and the 150 mm 
gauges shown in Figure 4.18. 
 
Figure 4.13 Specimens with embedded pin 
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Figure 4.14 Standard shrinkage gauge  
  
 
Figure 4.15 Standard shrinkage bar  
 
Figure 4.16 Shrinkage meter for measurement 
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Figure 4.17 Demec point glued to the specimens with specific type of adhesive 
 
 
Figure 4.18 Demec gauges (50mm and 150mm) 
Chapter 4 – Experimental Program and The Methodology 
 
53 
 
 
Figure 4.19 Special adhesive used to stick the Demec points 
 
 
Figure 4.20 Demec points 
 
The specimens were then transferred into the humidity chambers with different set exposed 
environments. The exposure conditions were kept constant for the entire period of the testing.  
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Figure 4.21 Humidity chamber set to 23oC and 50% relative humidity 
 
 
Figure 4.22 Humidity chamber set to 23oC and 67% relative humidity 
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Figure 4.23 Humidity chamber set to 23oC and 30% relative humidity 
 
The drying shrinkage of the specimens was measured daily for the first 7 days except on the 
weekends and after that, the shrinkage was measured on the 14th, 21st, 28th, 56th and 112th 
days, which is similar to the testing of shrinkage on normal concrete (AS1012 (1992)). 
 
 
4.4  Summary 
 
This chapter has described the experimental procedure adopted for compressive strength 
testing and measurement of the drying shrinkage of HySSIL cellular lightweight concrete. 
The experimental procedures were conducted as planned using the methodology developed in 
Chapter 3.  
 
The compressive strength testing methods were modified to suit the cubic specimens adopted 
and the conditioning methods were changed to suit the needs of the new material. 
 
Chapter 5 presents the results obtained for tests of the compressive strength, moisture content 
and drying shrinkage of HySSIL Cellular lightweight concrete. 
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Chapter 5 RESULTS AND ANALYSIS 
 
 
 
 
5.1  Introduction 
 
In this chapter, all the results obtained from the testing of the compressive strength and 
drying shrinkage of HySSIL cellular lightweight concrete are presented to show the effect of 
different factors that influence the compressive strength and drying shrinkage of HySSIL 
cellular lightweight concrete.  
 
The results are presented in an easily-understandable format and the full results are included 
in the appendices. 
 
 
5.2  Results of weight reduction and compressive strength 
 
5.2.1 Weight reduction of specimens exposed to different conditions 
after 28 days  
 
During the entire process, the weights of the specimens were monitored closely, initially 
every day and at least every 4 days after 28 days until they were tested for compressive 
strength at 100 days. All the specimens had the same exposed environment until 28 days, 
after which they were separated into different environmental chambers. Figures 5.1 to 5.5 
show the raw results of the weight measurements of specimens until completion of the tests. 
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The sample identification number given is the serial number allocated for the specimens. The 
letter “A” or “B” indicates whether they are from panel A or panel B. 
 
Figure 5.1 Specimens kept in 30% relative humidity environment after 28 days 
 
 
Figure 5.2 Specimens kept in 45% relative humidity environment after 28 days 
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Figure 5.3 Specimens kept in 50% relative humidity environment after 28 days 
 
 
Figure 5.4 Specimens kept in 67% relative humidity environment after 28 days 
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Figure 5.5 Specimens kept in 80% relative humidity environment after 28 days 
 
From Figure 5.1 to Figure 5.5, weight losses can clearly be observed. After the first 28 days, 
the weight losses for all the specimens were similar, as they were all kept in the humidity 
chamber at 50% relative humidity. The losses on the first few days after leaving the water 
bath were greater and started slowing down after around 10 days. After the specimens were 
separated into different chambers on the 28th day, the weight losses started to show some 
variations for different environments.  
 
Specimens in higher humidity conditions (67% as shown in Figure 5.4 and 80% as shown in 
Figure 5.5) reached equilibrium weight in less than 2 weeks. The specimens in 80% humidity 
(Figure 5.5) started to gain weight slightly after initial apparent equilibrium was achieved. 
Specimens in the lower humidity (30% and 45% as shown in Figure 5.1 and Figure 5.2) lost 
more weight after the first few weeks and then started to slow down at the end of the test 
period. Although they never reached equilibrium weight at 100 days, towards the end, the 
weight losses were less than one gram per week.  
 
The results presented are consistent with the expected outcome, that is, that HySSIL cellular 
lightweight concrete will be significantly affected by the exposed environment. It should be 
noted here that the dense skins on the material would be more effective in controlling the 
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vulnerability to exposed conditions in panel-type specimens where a large proportion of the 
exposed area is the dense skin.  
 
 
5.2.2 Weight reduction of specimens within the first 28 days 
 
 
Figure 5.6 Weight reductions of specimens up to 14 days 
 
 
Figure 5.7 Weight reductions of specimens up to 28 days 
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Figure 5.6 suggests that the typical range for weight reduction for 50% humidity exposure 
over 14 days is 3.8% to 5.2% from the initial weight. For the specimens kept in sealed bags 
(deemed to be 100% RH), the moisture content change was quite low, ranging from around 
0.52% to 0.74%. Meanwhile, over 28 days, the weight reduced around 4.76% to 6.3% for 
relative humidity of 50%, and 1.25% to 2.14% for samples kept in sealed bags.   
 
It was observed that the initial moisture content has an effect on the overall drying process. 
The shape of the weight loss curves can be explained as follows. 
 
At the beginning of the drying period, concrete will be in a moist condition. Thus moist 
particles on the concrete’s surface will be exposed to the environment and become 
dehydrated. After water on the surface dries, the time for the water particles inside the core to 
move out will be longer. The rate of drying will reduce as it becomes more and more difficult 
for water to escape from the concrete due to the distance to be travelled. In sealed bags, 
moisture exchange between the specimen and the environment is prevented.  
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5.2.3 Change in moisture content with time 
 
Moisture content change shows a similar trend to that of weight loss, as shown in Figures 5.8 
and 5.9. 
 
Figure 5.8 Moisture content of specimens exposed to 50% relative humidity and in sealed 
bags for the first 28 days of testing 
 
 
Figure 5.9:  Moisture content of specimens exposed to difference relative humidity after 28 
days in 50% relative humidity  
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Figure 5.10 Moisture content of specimens kept in different exposure conditions after 
100days 
 
Figure 5.10 presents the change in the moisture content of the HySSIL cellular lightweight 
concrete specimens with changes in the exposed environment. The same qualitative trend has 
been observed in previous research (Phan, 2005). However, previous work has not explored 
the equilibrium moisture content and compressive strength relationship. In previous work 
(Phan, 2005), the change in moisture content was measured with normal drying of concrete in 
one environment. 
 
 
5.2.4 Compressive strength 
 
The compressive strength of the specimens from both panels was tested on the 7th, 14th, 28th 
and 100th day. The results collected were used to make comparisons between changes in 
compressive strength and different environmental conditions after the initial curing. The 
summary of the results is shown below in Figure 5.11. This result confirms that the two 
panels are identical and the conclusions drawn based on the tests conducted on specimens 
from two panels are valid representations of the material. 
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Figure 5.11 Compressive strength of both Panel A and B in 100% relative humidity tested on 
7th, 14th and 28th days 
 
 
Figure 5.12 Compressive strength of specimens from Panel A and B tested on 7th, 14th, 28th 
and 100th days 
 
Figure 5.12 shows the effect of exposure conditions on the development of strength. It is 
clear that in the beginning, there is no clear trend between the exposed environment and 
compressive strength. However, at 100 days a clear relationship between the compressive 
strength and the exposed environment emerges, showing that strength will reduce with the 
increase in relative humidity of the exposed environment.  The testing was done on the 7th, 
14th, 28th and 100th day.  
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Figure 5.13 100 day compressive strength of specimens in different relative humidity 
exposures 
 
Figure 5.13 indicates how the compressive strength varies with relative humidity. The 
compressive strength reduced when the relative humidity of the environment to which the 
specimens were exposed increased. The variation is around 33% of the strength at 30% 
relative humidity (refer to Figure 5.13). Another observation is that between 45% and 67% 
relative humidity, the variation in strength is low. 
 
The relationship between the strength and moisture content of HySSIL cellular lightweight 
concrete appears to be similar to that reported by Mak et al (2007) for the ranges of moisture 
contents observed here. 
 
Figure 5.14 Compressive strength vs moisture content of the specimens 
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Figure 5.14 confirms that moisture content and compressive strength have an inverse 
relationship. 
 
 
5.2.5 Discussion of Results 
 
• Exposure to ambient conditions for the first 28 days followed by subsequent 
exposure to different in-service relative humidity ranging from 30% to 80% can 
change the moisture content of HySSIL cellular lightweight concrete by between 4 
and 8%. 
 
• This range of moisture contents and exposure conditions has a significant effect on 
the compressive strength of HySSIL cellular lightweight concrete at 100 days. 
There is a 33% reduction in compressive strength when exposure conditions change 
between 30% relative humidity and 80% relative humidity. 
 
• If the standard compressive strength of HySSIL is taken as that measured on 100 
mm cubes stored in sealed bags, they will have moisture content well above that of 
the specimens kept in 80% RH environment. Therefore, the strength measured on 
the standard specimens is a conservative estimate of the strength of HySSIL. 
 
 
• The conclusions drawn here are based on the behaviour of 100 mm cubic samples. 
Whilst there would be a size effect affecting them, these results indicate that the in-
service exposure of HySSIL cellular lightweight concrete must be managed with 
moisture-proof coating in finishes to ensure that significant change in moisture 
content does not occur. 
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5.3  Results of drying shrinkage 
 
5.3.1 Drying shrinkage comparison between standard shrinkage and 
Demec measurements  
 
Figure 5.15 shows the comparison between the shrinkage strains measured at the surfaces of 
the specimens and those measured using a gauge embedded in the middle. It should be noted 
here that the top surface of the specimens has a thick skin whereas the bottom surface has a 
thin skin. The effect of the denser skin on the overall shrinkage of HySSIL is clearly 
demonstrated. The gauge embedded in the middle indicates the largest shrinkage whereas the 
top Demec points indicate the lowest shrinkage. However, measurements over a longer 
period indicate that after 100 days, the measurements converge. Therefore, in all larger 
specimens only the surface mounted Demec gauges were used in measurements. 
 
An interesting observation is the unexpected expansion of concrete measured on the surface- 
mounted gauges, which is not observed in the embedded gauge located in the middle of a 
specimen. Whilst this changed to a shrinkage at the next reading, this behaviour observed on 
all the specimens is puzzling. A possible explanation is that the restraint provided by the skin 
of the concrete to the high shrinkage in the middle may have created an opposite force in the 
skins, which may have led to a stress-induced expansion in the concrete. However, this 
hypothesis requires rigorous testing which is beyond the scope of the work presented here. 
 
Figure 5.15 Comparison of total shrinkage (Strain x 10^7) obtained between Demec point 
measurement and standard shrinkage gauge over a period of time (Days) 
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5.3.2 Size effect on drying shrinkage of HySSIL cellular lightweight 
concrete 
 
The size effect of specimens on the drying shrinkage of HySSIL is shown in Figure 5.16. The 
trend is as expected, with an increase in the shrinkage of concrete with a reduction in the 
hypothetical thickness (th). The differences are more pronounced at early ages. 
 
 
Figure 5.18 shows a comparison of standard shrinkage measurement and the shrinkage of a 
panel-type specimen with the same hypothetical thickness. The shrinkage of the panel type 
specimen is significantly lower compared to the standard specimen. However, the 100 day 
shrinkage values appear to be converging. 
 
 
Figure 5.16 Drying shrinkage of different size specimens when exposed to 50% relative 
humidity 
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Figure 5.17 Drying shrinkage of  th 37.5 specimens with different dimensions when exposed 
to 50% relative humidity 
 
 
5.3.3 Drying shrinkage of HySSIL cellular lightweight concrete as 
affected by exposed environment 
 
The effect of exposed environment (Figure 5.17) shows the trend observed for normal 
concrete, which is an inverse relationship of shrinkage with the humidity of the exposed 
environment. However the effect is not as pronounced as expected. 
 
Figure 5.18 Drying shrinkage for the standard shrinkage specimens when exposed to different 
relative humidities 
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5.4  Summary 
 
• The moisture content of HySSIL is significantly affected by the in-service exposure 
conditions even after 28 day conditioning in a standard interior environment. The 
range is from 4% at an exposure to 30% RH to 8% at an exposure to an 80% RH 
environment.  This is in fact a fifty percentile change. 
 
• The corresponding change in compressive strength is also quite significant with 33% 
change over the range of relative humidity from 30% to 80%. 
 
• Drying shrinkage of HySSIL is quite high, being over 1000 microstrain over a 100 
day period as measured on the standard specimens. However, the panel-type 
specimens exhibit lower shrinkage rates. 
 
• The qualitative trends of drying shrinkage of HySSIL observed here appear to be 
consistent with the AS3600 (2009) model parameters. 
 
• There is a discrepancy between the average shrinkage measured using the surface- 
mounted gauges and the measurements using shrinkage studs embedded in the middle 
of specimens. This is not unexpected since the cellular middle section of concrete is 
expected to shrink more than the surface. 
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Chapter 6 PREDICTING DRYING SHRINKAGE OF 
HySSIL CELLULAR LIGHTWEIGHT CONCRETE 
 
 
 
 
6.1  Introduction 
 
The experimental results presented in Chapter 5 indicate that the drying shrinkage of HySSIL 
cellular lightweight concrete follows a similar pattern to that of normal concrete. However, 
the response at early ages is quite erratic, with significant fluctuations of measured values 
from the typical trend expected.  In this chapter, an attempt is made to understand the 
parameters influencing the drying shrinkage of HySSIL cellular lightweight concrete and 
quantify the effect.  The basic shrinkage model of AS3600 (2009) has been considered as a 
base model and the model parameters have been examined in comparison with experimental 
results of HySSIL. Based on the outcome of the statistical analysis, a modified AS3600 (2009) 
model is been proposed here to predict the drying shrinkage of HySSIL cellular lightweight 
concrete. 
 
6.2  AS3600 (2009) model for drying shrinkage of concrete 
 
Chapter 2.3.2 presented the AS3600 (2009) model for the drying shrinkage of normal weight 
concrete.  According to Australian Standards AS3600 (2009) Section 3.1.7, there are some 
different factors that directly influence the shrinkage of normal weight concrete. It may be 
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assumed that the shrinkage behaviour of the HySSIL cellular lightweight concrete will also 
be influenced by similar factors. 
 
AS3600 (2009) specifies that the design shrinkage strain of normal concrete (e parameters 
could be listed as : 
o Autogenous shrinkage, which is a function of the compressive strength of 
concrete 
o Exposed environment 
o Size effect 
o Time of exposure 
 
ACI213R-87 (1994) also identified these parameters as those influencing the design 
shrinkage of concrete. An additional parameter which could be included is the type of coarse 
aggregate, stiffness of which will affect the total resulting shrinkage (Perera and Setunge, 
2004). However, this is not relevant to the work reported here, since the HySSIL cellular 
lightweight concrete studied here does not contain any coarse aggregate. 
 
Of the above parameters, autogenous shrinkage takes into account the chemical shrinkage of 
the concrete material, which is a function of the hydrated cement content in the concrete mix. . 
Perera and Setunge (2004) report that autogenous shrinkage of mortar of high cement content 
would be around 0.00012-0.00014. However, in the work reported here, the  HySSIL cellular 
lightweight concrete studied has the same mix proportion in all specimens. Therefore, 
autogenous shrinkage is not a variable in the work reported here, and exposed environment, 
time of exposure and the size of specimen were selected as the major variables in the 
experimental program  
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6.3  Comparison between the AS3600 predictions and the experimental 
shrinkage values for HySSIL cellular lightweight concrete 
 
In predicting the drying shrinkage of HySSIL cellular lightweight concrete using the AS3600 
model, there were a number of challenges, and some of the parameters were not readily 
available. The following assumptions were made: 
 
1. Autogenous shrinkage was taken as the shrinkage corresponding to 
 where f’c was taken as 20 MPa. This resulted in 
an autogenous shrinkage value of 0.00001. 
 
2. K1 and K4 were taken as per AS3600 (2009) values. 
 
3. Basic shrinkage strain was taken as the measured shrinkage at 28 days from the 
standard specimens measured using the shrinkage comparator. 
 
Figures 6.1 to 6.11 shows the comparison between the AS3600 (2009) predicted values and 
the experimental shrinkage values. Following general observations were made from the 
comparisons: 
 
1. The basic shape of the shrinkage curve for HySSIL cellular lightweight concrete 
agrees with the AS3600 (2009) model.  
 
2. For standard shrinkage specimens (th = 37.5) the predictions were better than for the 
larger panel type specimens. 
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3. One of the major discrepancies observed  is the higher rate of shrinkage observed at 
100 days compared to the AS3600 (2009) predictions. 
 
4. A modified version of the AS3600(2009) may be suitable for prediction of the drying 
shrinkage of HySSIL cellular lightweight concrete. 
 
 
 
Figure 6.1 Calculated drying shrinkage vs actual drying shrinkage for the standard shrinkage 
specimens at 30% relative humidity 
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Figure 6.2 Calculated drying shrinkage vs actual drying shrinkage for the standard shrinkage 
specimens at 50% relative humidty 
 
 
Figure 6.3 Calculated drying shrinkage vs actual drying shrinkage for the standard shrinkage 
specimens at 67% relative humidity 
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Figure 6.4 Calculated drying shrinkage vs actual drying shrinkage for th 37.5 specimens at 
30% relative humidity 
 
 
Figure 6.5 Calculated drying shrinkage vs actual drying shrinkage for th 37.5 specimens at 
50% relative humidity 
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Figure 6.6 Calculated drying shrinkage vs actual drying shrinkage for th 37.5 specimens at 
67% relative humidity 
 
Figure 6.7 Calculated drying shrinkage vs actual drying shrinkage for th 75 specimens at 30% 
relative humidity 
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Figure 6.8 Calculated drying shrinkage vs actual drying shrinkage for th 75 specimens at 50% 
relative humidity 
 
 
Figure 6.9 Calculated drying shrinkage vs actual drying shrinkage for th 90 specimens at 50% 
relative humidity 
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Figure 6.10 Calculated drying shrinkage vs actual drying shrinkage for th 90 specimens at 
67% relative humidity 
 
Figure 6.11 Calculated drying shrinkage vs actual drying shrinkage for th 120 specimens at 
67% relative humidity 
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6.4  Analysis of the comparisons and development of a modified model 
 
A solver algorithm using Microsoft Excel was developed to analyse the effect of different 
parameters on the experimental and predicted shrinkage curves. Following procedure was 
adopted to identify the most significant parameters: 
1. First, the K4 values were changed until the mean square error between the 
predicted and measured shrinkage values were minimised to identify whether 
K4 has a significant influence on the predicted drying shrinkage. 
 
2. Then, α1 values were changed until the mean square error is again minimised. 
 
 
3. Finally ecse was changed in the same manner. Some constraints were used 
during optimisation to ensure that the parameters are within realistic ranges.  
Statistical analysis indicated the following results: 
1. K4 values (which represent the effect of the exposed environment) determined 
by the optimisation process converged to values close to those proposed in the 
AS3600 (2009) model. 
 
2. K1 values determined from the optimisation process are given in Table 6.1. 
 
3.  ecse (autogenous shrinkage) determined form the optimisation process are 
shown in Table 6.2 
 
The goodness of fit appeared to be better with the revised ecse values. The converged ecse 
values were statistically analysed using the @Risk software to determine the best fit 
statistical distribution for the calculated ecse values. The best fit value was obtained as 
0.00015 based on a mean value of a log normal distribution. It was interesting to note that the 
value is quite close to the autogenous shrinkage of non air entrained mortar reported by 
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Perera and Setunge (2004). This value has been then used to predict the shrinkage strains of 
HySSIL cellular lightweight concrete. 
 
Optimised curves are shown in Figures 6.12-6.22. 
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Table 6.1 Autogenous shrinkage value, εcse*, before and after solver with K4 as AS3600 
(2009) values and εcsd.b as 0.00061 
εcse* Mean square error 
Data Set Before 
optimisation 
After 
optimisation 
Before 
optimisation 
After 
optimisation 
th=37.5, RH=30%, K4=0.7 0.00001 0.00022564 2.7055 x 10-7 1.8647 x 10-7 
th=37.5. RH=50%, K4=0.6 0.00001 0.00012107 1.816 x 10-7 1.043 x 10-7 
th=37.5. RH=67%, K4=0.5 0.00001 0.00023396 2.47 x 10-6 1.2879 x 10-7 
   
th=37.5, RH=30%, K4=0.7 0.00001 0.00018899 2.682 x 10-7 7.737 x 10-8 
th=37.5. RH=50%, K4=0.6 0.00001 0.00033404 2.999 x 10-7 2.16 x 10-8 
th=37.5. RH=67%, K4=0.5 0.00001 2.8021E-05 2.197 x 10-7 1.0223 x 10-7 
   
th=75, RH=30%, K4=0.7 0.00001 0.00010581 2.2901 x 10-7 1.8672 x 10-7 
th=75, RH=50%, K4=0.6 0.00001 4.0436E-05 2.094 x 10-7 2.051 x 10-7 
  
 
th=90, RH=50%, K4=0.6 0.00001 6.6883E-05 5.688 x 10-8 4.35 x 10-8 
th=90, RH=67%, K4=0.5 0.00001 0.00015001 1.6 x 10-7 7.91 x 10-8 
  
 
th=120, RH=50%, K4=0.6,  0.00001 8.5622E-05 8.6366 x 10-7 6.4038 x 10-8 
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Table 6.2 α1 value before and after solver with K4 as AS3600 (2009) values, εcsd.b as 0.00061 
and εcse* as 0.00015 
α1 Mean square error 
Data Set 
Before solver After solver Before solver After solver 
th=37.5, RH=30%, K4=0.7 1.7948 1.9731 2.142 x 10-7 1.9473 x 10-7 
th=37.5. RH=50%, K4=0.6 1.7948 1.6924 1.083 x 10-7 1.036 x 10-7 
th=37.5. RH=67%, K4=0.5 1.7948 2.0916 1.630 x 10-7 1.3541 x 10-7 
   
th=37.5, RH=30%, K4=0.7 1.7948 1.8794 8.4445 x 10-8 8.0284 x 10-8 
th=37.5. RH=50%, K4=0.6 1.7948 2.3729 3.736 x 10-7 2.309 x 10-7 
th=37.5. RH=67%, K4=0.5 1.7948 1.2949 1.7147 x 10-7 9.729 x 10-8 
   
th=75, RH=30%, K4=0.7 1.6247 1.5254 1.9572 x 10-7 1.921 x 10-7 
th=75, RH=50%, K4=0.6 1.6247 1.2746 2.604 x 10-7 2.274 x 10-7 
   
th=90, RH=50%, K4=0.6 1.5652 1.3350 7.206 x 10-8 5.03 x 10-8 
th=90, RH=67%, K4=0.5 1.5652 1.6344 7.91 x 10-8 7.77 x 10-8 
   
th=120, RH=50%, K4=0.6,  1.4586 1.2954 3.4038 x 10-8 7.1959 x 10-8 
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Figure 6.12 Calculated drying shrinkage vs optimised drying shrinkage for the standard 
shrinkage specimens at 30% relative humidity 
 
 
Figure 6.13 Calculated drying shrinkage vs optimised drying shrinkage for the standard 
shrinkage specimens at 50% relative humidity 
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Figure 6.14 Calculated drying shrinkage vs optimised drying shrinkage for the standard 
shrinkage specimens at 67% relative humidity 
 
 
Figure 6.15 Calculated drying shrinkage vs actual drying shrinkage for th 37.5 specimens at 
30% relative humidity 
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Figure 6.16 Calculated drying shrinkage vs actual drying shrinkage for th 37.5 specimens at 
50% relative humidity  
 
 
Figure 6.17 Calculated drying shrinkage vs actual drying shrinkage for th 37.5 specimens at 
67% relative humidity  
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Figure 6.18 Calculated drying shrinkage vs actual drying shrinkage for th 75 specimens at 
30% relative humidity  
 
 
Figure 6.19 Calculated drying shrinkage vs actual drying shrinkage for th 75 specimens at 
50% relative humidity  
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Figure 6.20 Calculated drying shrinkage vs actual drying shrinkage for th 90 specimens at 
50% relative humidity  
 
Figure 6.21 Calculated drying shrinkage vs actual drying shrinkage for th 90 specimens at 
67% relative humidity  
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Figure 6.22 Calculated drying shrinkage vs actual drying shrinkage for th 120 specimens at 
50% relative humidity  
 
 
6.5 Proposed new model for the drying shrinkage of cellular lightweight 
concrete 
 
The proposed model for the drying shrinkage of the HySSIL cellular lightweight concrete is 
derived from AS3600 (2009). As some parameters from the AS3600 (2009) regarding the 
drying shrinkage of the normal specimens are not applicable to HySSIL cellular lightweight 
concrete, new parameters required to complete the model have been generated from the 
results of the drying shrinkage testing and the modelling analysis. 
 
The autogenous shrinkage, εcse*, of the HySSIL cellular lightweight concrete is set to the 
value of 0.00015, whereas the basic drying shrinkage strain, εcsd.b, is set to the value of 
0.00061. These values were set using the Solver from Microsoft Office Excel software by 
optimising the drying shrinkage curves to match the experimental results. 
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In order to further minimize the mean square error of the drying shrinkage of HySSIL cellular 
lightweight concrete value when compared to normal concrete, α1 is fitted to the value of 
1.6699. This value is again derived using the Solver from Microsoft Office Excel. 
 
This model is a preliminary model to predict the drying shrinkage of the HySSIL cellular 
lightweight concrete. More testing will be needed to prove the validity of the model before it 
can be widely accepted. 
 
 
6.6  Summary 
The work presented in this chapter provides a sound argument for using the AS3600 (2009) 
model with a revised value for autogenous shrinkage to predict the total shrinkage of HySSIL 
cellular lightweight concrete. Considering that the model is expected to have a range of ±30%, 
the proposed model can be used with a similar confidence as that for normal weight concrete.
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Chapter 7 CONCLUSIONS AND 
RECOMMENDATIONS 
 
 
 
 
 
7.1  Conclusions 
 
The work presented in the thesis attempts to explore the behaviour of HySSIL cellular light 
weight concrete in different exposed environments. Two basic properties of concrete 
expected to be affected by the exposed environment: compressive strength and drying 
shrinkage have been explored. The conclusions drawn from the experimental research study 
are presented in this chapter. 
 
7.1.1 Moisture reduction and compressive strength testing 
 
The outcomes of the moisture reduction and compressive strength testing clearly indicate that 
as long as the specimens or the concrete panels are cured in the early stages, the compressive 
strength of the specimens or the panels will stay quite constant under constant humidity 
exposure. However, under high humidity exposure conditions, the specimens will exhibit 
lower compressive strengths. The standard compressive strength measured on specimens kept 
at close to 100% humidity is a conservative estimate of the compressive strength of HySSIL 
kept at in-service exposure conditions with humidity less than 100%.  
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7.1.2 Drying shrinkage testing 
 
The drying shrinkage results for HySSIL indicate that whilst the standard shrinkage of 
HySSIL can be quite high, the overall shrinkage is within reasonable limits. A modified 
AS3600 (2009) model is proposed for HySSIL as shown below. 
 
7.2  Recommendation of the proposed model for the drying shrinkage of 
HySSIL cellular lightweight concrete 
 
The revised AS3600 (2009) model proposed for predicting the drying shrinkage of HySSIL is 
given below. 
                                                                    (7.1) 
Where, ( ) is the sum of the chemical shrinkage strain ( , which is also 
known as autogenous shrinkage strain, and the drying shrinkage strain (  
 
The autogenous shrinkage of HySSIl is given by; 
 
                 εcse    = 0.00015                                                          (7.2) 
 
                                                                    (7.3) 
  where  
                                                             (7.4) 
α1 =   1.6699                                                                 (7.5) 
    measured as hypothetical thickness , equal to 
2A/Ue where A is the area of the drying cross section, ue is the exposed perimeter. 
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 is a constant that is affected by the environment that the specimens are exposed to.  
values, as mentioned in the AS3600 (2009) will be 0.7 for an arid environment, 0.65 for an 
interior environment, 0.3 for temperature inland environment and 0.5 for a tropical or near-
coastal environment. 
 
 is the basic drying shrinkage strain of HySSIL taken as 0.00061. 
   
 
7.2.1 Parameters required for the model 
 
New parameters proposed in modifying the AS3600 (2009) to be suitable for HySSIL are 
summarised below. A development of a new model from first principles wasn’t attempted 
due to the limited scope of the M.Eng research. 
 
• The autogenous shrinkage, εcse*, is set to the value of 0.00015.  
 
• The basic drying shrinkage strain, εcsd.b, is set to the value of 0.00061. 
 
• α1 is fit to the value of 1.6699.  
 
 
7.2.2 Practical application of the model 
 
 
The proposed model can be used for prediction of the drying shrinkage of HySSIl for the 
ranges of th values ranging from 37.5 to 120. However, the variation of the results indicate 
that the ±30% range proposed in AS3600 (2009) would also be applicable to the equation 
[proposed here as well. 
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7.3  Recommendation for further research 
 
The work presented here demonstrated that both compressive strength and drying shrinkage 
of HySSL are significantly sensitive to the exposed environment. There are certain areas 
which require further study: 
• The observed discrepancy between the average shrinkage measured on surface 
mounted gauges and the shrinkage measured from embedded gauges require further 
investigation. 
• The interaction between three layers of concrete with differential shrinkage requires 
to be understood in developing shrinkage reinforcement for HySSIL panels. 
• The consistently observed expansion of surface mounted gauges concrete at 28 days 
requires further clarification. 
 
• The consistently observed expansion of surface mounted concrete at 28 days requires 
further clarification. 
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Appendices 
 
Appendix 1 Publications from the work reported herein 
 
Lee, H. Y., Setunge, S., Xie, M. and Mak, S., L., (2010), ‘Compressive strength and drying 
shrinkage of cellular lightweight concrete as affected by moisture content of the exposed 
environment’, Australasian Conference on the Mechanics of Structures and Materials, 
ACMSM 2010, Melbourne, Australia. 
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Appendix 2 Typical calculation of specimen sizes for drying shrinkage 
testing 
 
Free Shrinkage Testing 
 
ΣCS.b = 850 x 10-6 
 
K1 = ? 
 
Hypothetical thickness = 2A/Ue 
 
For standard 75 x 75 mm rectangular beam, 
 
2A/Ue = (2 x 75 x 75)/(75 x 4) = 37.5 
 
 
 
For 150 mm thickness slab, 
 
     th = (2x150xb)/(150+150+2b) 
 
     300b = 2(150+b)th 
 
     
300b = 300 th + 2 thb 
 
     (300b-2 thb)=300 th 
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b(150- th) = 150 th 
 
     
b = 150 th / (150 - th) 
 
If 
   th = 37.5,  b = 50mm 
 
   th = 75,   b= 150mm 
 
   th = 90,   b = 225mm 
 
   th = 120,  b = 600mm 
 
 
 
For a 3000 x 100 mm slab, 
 
     th = (2 x 3000 x 100)/(2(3000 + 100)) = 96.77 
 
   th = 80,   b = 400mm 
 
Initial stage testing, 
 
1. standard specimen 
    
2. th = 37.5,    b= 50mm   length = 185mm 
 
3. th = 75,    b= 150mm   length = 560mm 
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4. th = 90,    b= 225mm   length = 840mm 
 
5. th = 120,    b= 600mm   length = 1140mm 
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Appendix 3: Weight reduction data 
 
SET A 4 7 8 9 10 11 14 15 16 17 18 21 
Samples 5-Sep 8-Sep 9-Sep 10-Sep 11-Sep 12-Sep 15-Sep 16-Sep 17-Sep 18-Sep 19-Sep 22-Sep 
   Humidity Exposure 50%        
1 1584.8 Go  into oven on 5 September for moisture content 
measurement 
     
2 1573.9 1528.4       
3 1567.1 1534.8       
4 1582.6 1539.8 
7 day testing compression strength 
      
5 1570.8 1525.5 1516.5 1508.3 1502.9 1498.4 1490.2 Error on testing    
6 1557.6 1519.5 1514.6 1510.6 1507.5 1504.8 1498.1  
7 1598.2 1552 1544.1 1537.1 1532.3 1528.6 1520.2  
8 1607.8 1563.6 1555.1 1548.1 1543.9 1540.4 1532.6 
14 day testing compression strength 
 
9 1605.5 1566.6 1556.3 1546.4 1538.6 1532.3 1521.5 1518.7 1516.2 1514.3 1512.6 1509 
10 1594.5 1558 1551 1542.5 1534.7 1527.8 1515.1 1512.1 1509.3 1507.3 1505.4 1501.4 
11 1558.9 1524.6 1517.4 1512.9 1509.1 1505.8 1499.1 1497.2 1495.5 1494.1 1493 1490 
30 %  12 1591.3 1555.2 1547.5 1538.8 1531.7 1526.1 1516.6 1514.1 1512.1 1510.7 1509.2 1505.7 
13 1589.7 1551.8 1544.2 1537.9 1533.7 1528.8 1520.4 1518.2 1516.2 1514.9 1513.5 1510 
14 1579.7 1545.1 1537.2 1530.1 1524.6 1519.7 1511.3 1508.7 1506.4 1504.7 1503.3 1499.6 
15 1595.8 1561.1 1552.9 1544.3 1537.2 1531.5 1521.9 1519.7 1517.5 1515.7 1514.2 1510.6 
16 1589.1 1552.6 1542.2 1533.9 1527.5 1521.4 1512.3 1509.8 1507.7 1506 1504.4 1501.1 
67%   17 1584.7 1540.9 1530.9 1522.7 1518 1513.4 1505.3 1502.8 1500.8 1499.2 1497.7 1495.5 
18 1600.5 1560.6 1553 1545.5 1541.3 1536.5 1528.7 1526.3 1524.3 1522.7 1521.3 1518 
19 1603.5 1567.4 1559.1 1551.1 1545.8 1541.2 1533.3 1531.2 1529.3 1527.7 1526.2 1522.9 
20 1591.5 1558.6 1548.4 1537.7 1529.4 1522.3 1511.1 1508.5 1506.1 1504.3 1502.8 1498.7 
21 1607.5 1574.8 1566.6 1557 1549.1 1541.5 1530.3 1527.4 1524.9 1523.2 1521.8 1517.9 
50%   22 1596.6 1571 1561.2 1552.9 1548.9 1542.1 1532.3 1529.8 1527.7 1526.4 1525 1521.7 
23 1598 1558.7 1551.5 1543 1537.2 1532.3 1523.4 1521 1519 1517.6 1516.2 1513.2 
24 1601.3 1564 1555.6 1546.8 1540.7 1535.9 1527.6 1525.3 1523.4 1522.1 1520.9 1517.9 
25 1587.1 1549.8 1542.4 1535.4 1529.8 1525.3 1517.4 1515.1 1513.1 1511.7 1510.4 1507 
26 1599.7 1561 1553.1 1546.1 1540.9 1536.9 1529.1 1527 1525 1523.5 1522.1 1518.8 
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27 1584.2 1541.3 1533.3 1526.9 1522.2 1518.8 1511.2 1509.2 1507.3 1505.7 1504.3 1501.4 
 
 
            
   Humidity Exposure 100%        
28 1589.3 1590.1       
29 1583.3 1584.8       
30 1590.5 1588.9 
7 day testing compression strength 
      
31 1591.8 1589.9 1589.5 1588.8 1588.1 1584.5 1583.5  
32 1597.3 1590 1590 1587.8 1587.6 1587.2 1585.6  
33 1584.4 1581.8 1580.4 1580.2 1579.1 1577.6 1574.8 
14 day testing compression strength 
 
34 1590.6 1587.1 1586.7 1586.7 1587.5 1585 1584.3 1583.8 1581.9 1581.1 1580.2 1561.6 
35 1600.4 1601.3 1599.2 1596.9 1596.9 1595.5 1594.2 1593.7 1590.5 1588.9 1588.6 1581.9 
36 1612 1610.4 1608.2 1607.8 1607 1606.3 1602.9 1602.8 1602.1 1601.2 1600.6 1596.8 
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SET A 22 23 24 25 28 29 32 36 39 42 44 45 49 
Samples 23-Sep 24-Sep 25-Sep 26-Sep 29-Sep 30-Sep 3-Oct 7-Oct 10-Oct 12-Oct 15-Oct 16-Oct 21-Oct 
              
9 1507.8 1506.6 1505.9 1505.1 1503 1502.4        
10 1500 1498.7 1497.8 1497 1494.7 1494.1 28 day testing compression strength    
11 1489 1488.1 1487.5 1486.9 1485.1 1484.6        
30 %  
12 
1504.6 1503.6 1502.9 1502.2 1500.2 1499.6 1497.4 1495.2 1487 1483.1 1480.9 1481 1476.1 
13 1509 1508.1 1507.4 1506.6 1504.7 1504.2 1502.2 1499.9 1491.1 1487.1 1484.9 1484.1 1480.2 
14 1498.5 1497.4 1496.7 1496.1 1494.1 1493.5 1491.5 1489 1480.3 1476.2 1473.8 1472.9 1468.8 
15 1509.6 1508.5 1507.7 1507 1505 1504.4 1502.4 1500.1 1491.3 1487.1 1484.8 1483.8 1479.9 
16 1500 1499 1498.3 1497.5 1495.6 1495 1493 1490.7 1482 1478.1 1475.7 1474.8 1470.8 
67%   
17 
1493.5 1492.5 1491 1491.1 1489.3 1488.8 1486.9 1484.7 1485.8 1485.8 1485.8     
18 1517.1 1516.1 1515.4 1514.6 1512.8 1512.2 1510.2 1508 1508.8 1508.8 1508.7     
19 1521.9 1520.9 1520.2 1519.6 1517.6 1517.1 1515.1 1512.9 1513.6 1513.6 1513.6     
20 1497.8 1496.7 1496 1495.2 1493.2 1492.6 1490.6 1488.3 1489.1 1489 1489     
21 1516.9 1515.7 1515 1514.3 1512.3 1511.7 1509.6 1507.4 1508.1 1508 1508     
50%   
22 
1520.7 1519.7 1519 1518.3 1516.3 1515.6 1513.7 1511.4 1509.5 1507.8 1506.8 1506.5 1504.8 
23 1512.2 1511.3 1510.6 1509.9 1508.1 1507.6 1505.5 1503.4 1501.6 1500.1 1499.1 1498.9 1497.3 
24 1516.9 1515.9 1515.3 1514.6 1512.9 1512.3 1510.3 1508.2 1506.5 1504.9 1504.9 1503.8 1502.2 
25 1506.2 1505.3 1504.7 1504 1502.1 1501.6 1499.7 1497.6 1495.9 1494.4 1493.4 1493.2 1491.6 
26 1517.8 1516.9 1516.2 1515.5 1513.7 1513.1 1511.2 1509 1507.3 1505.8 1504.8 1504.5 1503 
27 1500.4 1499.4 1498.7 1498.1 1496.3 1495.8 1493.6 1491.4 1489.8 1488.4 1487.6 1487.3 1486 
              
34 1561.2 1560.6 1559.8 1559.5 1557.6 1556.5        
35 1581.2 1580.9 1580.5 1580.4 1573.7 1573.3 28 day testing compression strength    
36 1595.7 1595 1594.2 1594.6 1592.3 1591.9        
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SET A 51 56 59 64 66 71 79 84 87 91 94 97 98 
Samples 23-Oct 28-Oct 31-Oct 5-Nov 7-Nov 12-Nov 20-Nov 25-Nov 28-Nov 2-Dec 5-Dec 8-Dec 9-Dec 
              
30 %  
12 
1474.7 1472 1470.9 1468.9 1468.3 1466.9 1464.9 1463.8 1463.1 1462.6 1462 1461.6 1461.5 
13 1478.7 1475.9 1474.8 1472.5 1471.8 1470.2 1468.2 1467.1 1466.5 1465.8 1465.3 1464.8 1464.6 
14 1467.4 1464.8 1463.6 1461.4 1460.7 1459.4 1457.2 1456.2 1455.7 1454.9 1454.5 1454 1453.8 
15 1478.4 1475.8 1474.5 1472.6 1471.9 1470.4 1468.4 1467.4 1466.8 1466.1 1465.6 1465.1 1465 
16 1469.6 1467 1465.7 1463.7 1463.1 1461.6 1459.6 1458.4 1457.7 1457.1 1456.8 1456.3 1456.1 
67%   
17 
  1485.9 1485.9 1486       1486.2   1486.4 1486.5   1486.6 
18   1508.4   1508.4           1508.4 1508.5   1508.5 
19   1513.3     1513.3     1513.1     1513.3   1513.3 
20   1488.6     1488.6         1488.8 1488.8   1488.9 
21   1507.7 1507.7         1507.7     1507.8   1507.9 
50%   
22 
1504.1 1502.4 1502.1 1501.1 1500.8 1500.1 1498.8 1500.2 1502.2 1502.3 1501.6 1500.8 1500.7 
23 1496.6 1495 1494.8 1493.9 1493.6 1493 1491.8 1493.6 1495.2 1495 1494.6 1494 1494 
24 1501.5 1499.9 1499.6 1498.7 1498.4 1497.8 1496.6 1498.5 1499.7 1500 1499.3 1498.8 1498.7 
25 1491 1489.3 1488.9 1488 1487.7 1487.2 1485.9 1487.6 1489.4 1489.2 1488.6 1488.1 1488 
26 1502.3 1500.6 1500.2 1499.4 1499.1 1498.4 1497.2 1499.2 1500.8 1500.3 1499.7 1499.2 1499.2 
27 1485.4 1483.9 1483.6 1482.9 1482.5 1482 1480.9 1482.8 1484 1483.5 1483.2 1482.8 1482.6 
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SET B 5 6 7 9 13 14 16 19 20 22 
 24-Nov 25-Nov 26-Nov 28-Nov 2-Dec 3-Dec 5-Dec 8-Dec 9-Dec 11-Dec 
Humidity Exposure 100%         
1 1614.5 Go  into oven  for moisture content measurement     
2 1493.6 1587.9 1586.1    
3 1600.9 1583 1592.5    
4 1604.8 1599.6 1598.3 
7 day testing compression strength 
   
5 1604.8 1600.8 1601.8 1603.6 1595.6 1596.3 
6 1596.1 1592.8 1593.7 1593 1595.7 1595.5 
7 1608.8 1606.7 1604.8 1601.8 1604.6 1603.3 
14 day testing compression strength 
8 1644.4 1645.6 1639.3 1643.7 1645.4 1640.8 1639.1 1636.8 1636.4 1636.3 
9 1601.7 1604.2 1603.1 1602.4 1602.1 1603 1602.3 1601.8 1601.7 1601.2 
10 1603.2 1605.1 1604.8 1597.1 1594.3 1597.6 1598.2 1598.3 1598.1 1597 
Humidity Exposure 50%         
11 1630.2 1608.9 1587.8    
12 1628.6 1615.2 1605.8    
13 1604.6 1590.3 1581.8 
7 day testing compression strength 
   
14 1558.3 1540.3 1529.6 1502.6 1476.6 1472.1 
15 1579.9 1563.1 1550.9 1530.2 1508.1 1503.6 
16 1585.4 1570.1 1557.9 1538.5 1514.6 1510.3 
14 day testing compression strength 
17 1602.6 1584.5 1566.6 1541.2 1521.1 1517.9 1512.7 1506.6 1505 1502.3 
18 1615.4 1606.3 1598.1 1569.1 1543.3 1539.4 1534.1 1527 1525.3 1521.9 
19 1607.3 1597.5 1589.5 1562.7 1526.1 1520 1513.8 1504.7 1502.5 1498.7 
45%   
20 
1635.6 1624 1615.4 1592.9 1553.9 1547 1538 1527.2 1525.2 1521 
21 1566.9 1554.5 1545.4 1527.1 1508.6 1504.8 1497.9 1490.6 1489 1485.5 
22 1599.9 1584.7 1574.9 1560.2 1535.9 1530.2 1521.1 1511.7 1509.3 1505 
23 1628.8 1608.4 1592.8 1569.6 1547.6 1543.8 1538.6 1531.8 1529.9 1526.9 
24 1580.3 1568.6 1558.4 1537.2 1513.4 1509.3 1503.5 1495.2 1493.1 1489.6 
80%   
25 
1615.9 1603 1590.3 1568.1 1536.9 1531.4 1524.1 1513.9 1511.6 1507.5 
26 1652.8 1639.8 1628 1613.8 1580.1 1574.4 1567.3 1557.6 1555.7 1551.9 
27 1573.2 1560.5 1546.9 1534.8 1505.9 1499.2 1490.3 1480 1478 1473.8 
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28 1611 1594.7 1584.8 1571.6 1543.7 1537.5 1528.3 1519 1516.9 1512.9 
29 1560.6 1534.9 1515.1 1494.6 1474.8 1471.1 1466 1459.6 1458 1454.9 
50%   
30 
1581.8 1561.3 1544.8 1523.6 1496.9 1491.9 1485.5 1476.8 1474.7 1471.2 
31 1618.3 1600.2 1584.4 1562.8 1540.5 1536.6 1531.7 1524.3 1522.3 1519 
32 1598.3 1578.1 1564.9 1544.7 1517 1512.6 1507.9 1500.6 1498.8 1495.1 
33 1603.6 1583 1565 1544.3 1512.6 1508.8 1502.6 1494.3 1492.5 1488.6 
34 1615 1592.2 1577.8 1559.9 1534.8 1531.5 1525.5 1517.8 1516.3 1512.8 
35 1568.1 1541.5 1522.1 1504.6 1485.7 1482.5 1478.2 1471.9 1470.5 1467.7 
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SET B 5 6 7 9 13 14 16 19 20 22 56 61 
 24-Nov 25-Nov 26-Nov 28-Nov 2-Dec 3-Dec 5-Dec 8-Dec 9-Dec 11-Dec 14-Jan 19-Jan 
Humidity Exposure 100%           
1 1614.5 Go  into oven  for moisture content measurement       
2 1493.6 1587.9 1586.1      
3 1600.9 1583 1592.5      
4 1604.8 1599.6 1598.3 
7 day testing compression strength 
     
5 1604.8 1600.8 1601.8 1603.6 1595.6 1596.3   
6 1596.1 1592.8 1593.7 1593 1595.7 1595.5   
7 1608.8 1606.7 1604.8 1601.8 1604.6 1603.3 
14 day testing compression strength 
  
8 1644.4 1645.6 1639.3 1643.7 1645.4 1640.8 1639.1 1636.8 1636.4 1636.3   
9 1601.7 1604.2 1603.1 1602.4 1602.1 1603 1602.3 1601.8 1601.7 1601.2   
10 1603.2 1605.1 1604.8 1597.1 1594.3 1597.6 1598.2 1598.3 1598.1 1597   
Humidity Exposure 50%           
11 1630.2 1608.9 1587.8      
12 1628.6 1615.2 1605.8      
13 1604.6 1590.3 1581.8 
7 day testing compression strength 
     
14 1558.3 1540.3 1529.6 1502.6 1476.6 1472.1   
15 1579.9 1563.1 1550.9 1530.2 1508.1 1503.6   
16 1585.4 1570.1 1557.9 1538.5 1514.6 1510.3 
14 day testing compression strength 
  
17 1602.6 1584.5 1566.6 1541.2 1521.1 1517.9 1512.7 1506.6 1505 1502.3   
18 1615.4 1606.3 1598.1 1569.1 1543.3 1539.4 1534.1 1527 1525.3 1521.9   
19 1607.3 1597.5 1589.5 1562.7 1526.1 1520 1513.8 1504.7 1502.5 1498.7   
45%   
20 
1635.6 1624 1615.4 1592.9 1553.9 1547 1538 1527.2 1525.2 1521 1482.9 1481.5 
21 1566.9 1554.5 1545.4 1527.1 1508.6 1504.8 1497.9 1490.6 1489 1485.5 1451.3 1449.9 
22 1599.9 1584.7 1574.9 1560.2 1535.9 1530.2 1521.1 1511.7 1509.3 1505 1467.6 1466.2 
23 1628.8 1608.4 1592.8 1569.6 1547.6 1543.8 1538.6 1531.8 1529.9 1526.9 1495.3 1494 
24 1580.3 1568.6 1558.4 1537.2 1513.4 1509.3 1503.5 1495.2 1493.1 1489.6 1454.5 1453.2 
80%   
25 
1615.9 1603 1590.3 1568.1 1536.9 1531.4 1524.1 1513.9 1511.6 1507.5 1503.8 1504 
26 1652.8 1639.8 1628 1613.8 1580.1 1574.4 1567.3 1557.6 1555.7 1551.9 1548.4 1548.7 
27 1573.2 1560.5 1546.9 1534.8 1505.9 1499.2 1490.3 1480 1478 1473.8 1470.8 1471.1 
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28 1611 1594.7 1584.8 1571.6 1543.7 1537.5 1528.3 1519 1516.9 1512.9 1509.3 1509.5 
29 1560.6 1534.9 1515.1 1494.6 1474.8 1471.1 1466 1459.6 1458 1454.9 1454.8 1455.1 
50%   
30 
1581.8 1561.3 1544.8 1523.6 1496.9 1491.9 1485.5 1476.8 1474.7 1471.2 1449.6 1448.3 
31 1618.3 1600.2 1584.4 1562.8 1540.5 1536.6 1531.7 1524.3 1522.3 1519 1498.3 1496.9 
32 1598.3 1578.1 1564.9 1544.7 1517 1512.6 1507.9 1500.6 1498.8 1495.1 1474.1 1472.6 
33 1603.6 1583 1565 1544.3 1512.6 1508.8 1502.6 1494.3 1492.5 1488.6 1467.9 1466.6 
34 1615 1592.2 1577.8 1559.9 1534.8 1531.5 1525.5 1517.8 1516.3 1512.8 1491.6 1490.1 
35 1568.1 1541.5 1522.1 1504.6 1485.7 1482.5 1478.2 1471.9 1470.5 1467.7 1450.8 1449.5 
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SET B 26 28 29 30 33 34 47 49 51 54 56 61 
 15-Dec 17-Dec 18-Dec 19-Dec 22-Dec 23-Dec 5-Jan 7-Jan 9-Jan 12-Jan 14-Jan 19-Jan 
8 1635 1634.4       
9 1600.4 1599.8       
10 1596.6 1596.3 
28 day testing compression strength 
      
17 1498.5 1496.8       
18 1517.4 1515.4       
19 1493.5 1491.2 
28 day testing compression strength 
      
45%   
20 
1515.4 1512.9 1507.1 1504.7 1498.9 1497.4 1486.3 1485.5 1484.5 1483.5 1482.9 1481.5 
21 1481.3 1479.4 1474 1471.8 1466.6 1465.1 1454.7 1453.9 1452.9 1451.9 1451.3 1449.9 
22 1499.5 1497.3 1491.4 1489 1483.3 1481.7 1471 1470.2 1469.3 1468.1 1467.6 1466.2 
23 1523 1521.3 1516.5 1514.4 1509.5 1508.1 1498.5 1497.7 1496.6 1495.8 1495.3 1494 
24 1484.8 1482.9 1477.3 1475.1 1469.7 1468.1 1457.8 1457 1456.1 1455.1 1454.5 1453.2 
80%   
25 
1501.9 1499.6 1501.5 1501.8 1502.3 1502.4 1503.4 1503.4 1503.5 1503.6 1503.8 1504 
26 1546.6 1544.4 1546.2 1546.5 1547 1547.1 1548 1548.1 1548.2 1548.4 1548.4 1548.7 
27 1468.7 1466.7 1468.6 1468.9 1469.4 1469.5 1470.4 1470.5 1470.6 1470.8 1470.8 1471.1 
28 1507.8 1505.5 1507.3 1507.5 1508 1508.1 1508.9 1508.9 1509 1509.2 1509.3 1509.5 
29 1450.8 1449.2 1451.5 1451.8 1452 1452.8 1454.2 1454.3 1454.5 1454.7 1454.8 1455.1 
50%   
30 
1466.2 1464.3 1462.9 1462.1 1459.7 1458.9 1452.5 1452.3 1451.6 1450.6 1449.6 1448.3 
31 1514.4 1512.4 1511.2 1510.4 1508.1 1507.3 1501.1 1500.9 1500.2 1499.2 1498.3 1496.9 
32 1490.4 1488.5 1487.4 1486.7 1484.4 1483.6 1477.1 1476.9 1476.2 1475.1 1474.1 1472.6 
33 1483.9 1481.8 1480.7 1480 1477.7 1476.9 1470.8 1470.6 1469.9 1468.9 1467.9 1466.6 
34 1508.6 1506.6 1505.4 1504.6 1502.1 1501.3 1496.6 1494.4 1493.6 1492.5 1491.6 1490.1 
35 1464.1 1462.5 1461.8 1461.2 1459.4 1458.7 1453.4 1453.3 1452.6 1451.7 1450.8 1449.5 
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SET B 63 65 69 76 82 84 90 97 100     
 21-Jan 23-Jan 27-Jan 3-Feb 9-Feb 11-Feb 17-Feb 24-Feb 27-Feb     
45%   
20 
1481.1 1480.7 1479.6 1478.8 1478.1 1477.9 1477.5 1477 1476.9 
21 1449.5 1449 1448 1447.1 1446.3 1446.2 1445.6 1445.2 1445 
22 1465.9 1465.4 1464.2 1463.6 1462.9 1462.7 1462.2 1461.8 1461.7 
100 day testing compression strength 
23 1493.7 1493.2 1492.2 1491.6 1490.9 1490.7 1490.2 1489.7 1489.6     
24 1452.8 1452.4 1451.4 1450.6 1449.9 1449.7 1449.3 1448.8 1448.6     
80%   
25 
1504.1 1504.14 1504.4 1504.8 1505 1505.1 1505.3 1505.6 1505.7 
26 1548.8 1548.8 1549.1 1549.2 1549.5 1549.6 1549.9 1550.2 1550.4 
27 1471.1 1471.2 1471.5 1471.8 1471.9 1472 1472.3 1472.5 1472.6 
100 day testing compression strength 
28 1509.6 1509.7 1509.9 1510.2 1510.4 1510.4 1510.7 1510.9 1511     
29 1455.3 1455.4 1455.7 1456 1456.2 1456.3 1456.6 1456.9 1457.1     
50%   
30 
1447.5 1447 1445.4 1443.2 1441.3 1440.4 1439.2 1435.2 1435.2 
31 1496.2 1495.7 1499.1 1491.9 1490 1489.1 1487.9 1484.2 1484.1 
32 1471.9 1471.4 1469.7 1467.5 1465.5 1464.6 1463.3 1459.2 1459.2 
100 day testing compression strength 
33 1465.9 1465.4 1463.8 1461.7 1459.8 1458.9 1457.7 1454 1454     
34 1489.3 1488.8 1487 1484.8 1482.8 1481.9 1480.6 1476.6 1476.5     
35 1448.8 1448.3 1446.8 1444.7 1442.9 1442 1440.8 1437 1436.9     
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Appendix 4: Record of the testing for compressive strength and moisture content calculations 
  
SET A 
7 days testing              
50 % Humidity Exposure             
  
initial Mass Dimensions Load Wet+ Dry+ Pan 
 
Density Compn Moisture DRY 
Spec Mass at test A (L) B (W) C (H) 
 
Pan Pan   
 
  Stress Content Density 
No gm gm mm mm mm KN gm gm gm  kg/cum Mpa % kg/m3 
2 1528.4 1528.4 100.7 99.41 101 147 1775.2 1628.2 270.9  1512 14.7 10.8% 1363.9 
3 1534.8 1534.8 101.4 100.4 100.1 143.9        1506 14.1     
4 1539.8 1539.8 100.6 101.3 99.51 148.6        1518 14.6     
               
100% Humidity Exposure             
  
initial Mass Dimensions Load Wet+ Dry+ Pan 
 
Density Compn Moisture DRY 
Spec Mass at test A (L) B (W) C (H) 
 
Pan Pan   
 
  Stress Content Density 
No gm gm mm mm mm KN gm gm gm  kg/cum Mpa % kg/m3 
28 1590.1 1590.1 101 100.2 101.28 130.8 1808.8 1605.3 231.8  1551 12.9 14.8% 1351.2 
29 1584.8 1584.8 100.9 99.82 100.08 23.85        1572 2.4     
30 1588.9 1588.9 101.18 100.2 100.12 122.5        1565 12.1     
               
14 days testing              
50 % Humidity Exposure             
  
initial Mass Dimensions Load Wet+ Dry+ Pan 
 
Density Compn Moisture DRY 
Spec Mass at test A (L) B (W) C (H) 
 
Pan Pan   
 
  Stress Content Density 
No gm gm mm mm mm KN gm gm gm  kg/cum Mpa % kg/m3 
8 1532.6 1532.6 100.36 101.58 100.52 176.9 1731.7 1605 229.8  1496 17.4 9.2% 1369.4 
6 1490.1 1490.1 100.8 101.38 100 166.7        1458 16.3     
7 1520.2 1520.2 102 99.6 102.3 167.2        1463 16.5     
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100% Humidity Exposure             
  
initial Mass Dimensions Load Wet+ Dry+ Pan 
 
Density Compn Moisture DRY 
Spec Mass at test A (L) B (W) C (H) 
 
Pan Pan   
 
  Stress Content Density 
No gm gm mm mm mm KN gm gm gm  kg/cum Mpa % kg/m3 
31 1583.5 1583.5 101.08 101.48 100.36 122 1854.9 1654 281.2  1538 11.9 14.6% 1341.8 
32 1585.6 1585.6 102 100.1 101.28 119.8        1533 11.7     
33 1574.8 1574.8 101.28 101.1 100 122.7        1538 12.0     
 
 
28 days  testing              
50 % Humidity Exposure             
  
initial Mass Dimensions Load Wet+ Dry+ Pan 
 
Density Compn Moisture DRY 
Spec Mass at test A (L) B (W) C (H) 
 
Pan Pan   
 
  Stress Content Density 
No gm gm mm mm mm KN gm gm gm  kg/cum Mpa % kg/m3 
9 1502.4 1502.4 102 100.02 101 147.2 1728.4   265  1458 14.4 -652.2% -264.0 
10 1494.1 1494.1 101.28 100 101.2 136.7        1458 13.5     
11 1484.6 1484.6 101.08 99.1 101.2 168.6        1465 16.8     
               
100% Humidity Exposure             
  
initial Mass Dimensions Load Wet+ Dry+ Pan 
 
Density Compn Moisture DRY 
Spec Mass at test A (L) B (W) C (H) 
 
Pan Pan   
 
  Stress Content Density 
No gm gm mm mm mm KN gm gm gm  kg/cum Mpa % kg/m3 
34 1556.5 1556.5 100.82 101.08 99.62 156.2 1788.4   263.3  1533 15.3 -679.2% -264.7 
35 1573.3 1573.3 101.08 100.42 101.06 125.7        1534 12.4     
36 1591.9 1591.9 100.6 101.18 100.52 141        1556 13.9     
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100 days  testing              
30 % Humidity Exposure             
  
initial Mass Dimensions Load Wet+ Dry+ Pan 
 
Density Compn Moisture DRY 
Spec Mass at test A (L) B (W) C (H) 
 
Pan Pan   
 
  Stress Content Density 
No gm gm mm mm mm KN gm gm gm  kg/cum Mpa % kg/m3 
12   1461.2 101.7 100.9 99.6 184.5 1703.1 1637.5 280.6  1430 18.0 4.8% 1363.7 
13   1464.4 101.2 100.1 99.7 179.3        1450 17.7     
14   1453.6 101.8 101 98.9 181.8        1429 17.7     
               
67% Humidity Exposure             
  
initial Mass Dimensions Load Wet+ Dry+ Pan 
 
Density Compn Moisture DRY 
Spec Mass at test A (L) B (W) C (H) 
 
Pan Pan   
 
  Stress Content Density 
No gm gm mm mm mm KN gm gm gm  kg/cum Mpa % kg/m3 
17   1486.7 101.5 100.8 100 153.9 1683.5 1589.9 228.1  1453 15.0 6.9% 1359.7 
18   1508.5 101.4 100.5 99.4 176.2        1489 17.3     
19   1513.4 102 99.2 100.4 185.3        1490 18.3     
 
50% Humidity Exposure             
  
initial Mass Dimensions Load Wet+ Dry+ Pan 
 
Density Compn Moisture DRY 
Spec Mass at test A (L) B (W) C (H) 
 
Pan Pan   
 
  Stress Content Density 
No gm gm mm mm mm KN gm gm gm  kg/cum Mpa % kg/m3 
22   1500.5 101 100.5 99.8 178.5 1717.2 1628.1 229.1  1481 17.6 6.4% 1392.5 
23   1493.7 101.8 101 100.4 159.1        1447 15.5     
24   1498.5 101.2 100.5 99.8 177.4        1476 17.4     
 
 
 
 
Appendices 
 
118 
 
SET B               
               
7 days testing              
100 % Humidity Exposure             
  
initial Mass Dimensions Load Wet+ Dry+ Pan 
 
Density Compn Moisture DRY 
Spec Mass at test A (L) B (W) C (H) 
 
Pan Pan   
 
  Stress Content Density 
No gm gm mm mm mm KN gm gm gm  kg/cum Mpa % kg/m3 
2   1586.1 110.9 97.8 95.4 122.2 1810 1583.4 230.8  1533 11.3 16.8% 1312.9 
3   1592.5 109.2 97.9 96 109        1552 10.2     
4   1598.3 109.5 96.6 97.6 134.2        1548 12.7     
               
50% Humidity Exposure             
  
initial Mass Dimensions Load Wet+ Dry+ Pan 
 
Density Compn Moisture DRY 
Spec Mass at test A (L) B (W) C (H) 
 
Pan Pan   
 
  Stress Content Density 
No gm gm mm mm mm KN gm gm gm  kg/cum Mpa % kg/m3 
11   1587.8 109.7 96.3 97.8 130.9 1853.4 1626.9 270.4  1537 12.4 16.7% 1316.9 
12   1605.8 110.6 96.5 98 125.7        1535 11.8     
13   1581.8 109 97.2 97.8 135.2        1527 12.8     
               
               
14 days testing              
100 % Humidity Exposure             
  
initial Mass Dimensions Load Wet+ Dry+ Pan 
 
Density Compn Moisture DRY 
Spec Mass at test A (L) B (W) C (H) 
 
Pan Pan   
 
  Stress Content Density 
No gm gm mm mm mm KN gm gm gm  kg/cum Mpa % kg/m3 
5   1596.3 110.5 97.7 96.5 126.8 1805.7 1584.9 264.9  1532 11.7 16.7% 1312.7 
6   1595.5 109.1 97.8 97.1 120.8        1540 11.3     
7   1603.3 110.7 96.5 97.5 127.4        1539 11.9     
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50% Humidity Exposure             
  
initial Mass Dimensions Load Wet+ Dry+ Pan 
 
Density Compn Moisture DRY 
Spec Mass at test A (L) B (W) C (H) 
 
Pan Pan   
 
  Stress Content Density 
No gm gm mm mm mm KN gm gm gm  kg/cum Mpa % kg/m3 
14   1472.1 109 97.7 96.1 130 1711.9 1565.3 241.9  1438 12.2 11.1% 1295.0 
15   1503.6 109.5 95.8 97.6 174.4        1469 16.6     
16   1510.3 109.1 97.7 97.2 148.1        1458 13.9     
 
28 days  testing              
50 % Humidity Exposure             
  
initial Mass Dimensions Load Wet+ Dry+ Pan 
 
Density Compn Moisture DRY 
Spec Mass at test A (L) B (W) C (H) 
 
Pan Pan   
 
  Stress Content Density 
No gm gm mm mm mm KN gm gm gm  kg/cum Mpa % kg/m3 
17   1496.8 109.2 97.3 97.6 190.5 1731.1 1611.2 265.5  1443 17.9 8.9% 1325.3 
18   1515.4 110 97.8 97.3 164        1448 15.2     
19   1491.2 110.1 96 97.6 175.5        1446 16.6     
               
100% Humidity Exposure             
  
initial Mass Dimensions Load Wet+ Dry+ Pan 
 
Density Compn Moisture DRY 
Spec Mass at test A (L) B (W) C (H) 
 
Pan Pan   
 
  Stress Content Density 
No gm gm mm mm mm KN gm gm gm  kg/cum Mpa % kg/m3 
8   1634.4 110.4 97.5 97.9 155.4 1868.2 1640.1 241.7  1551 14.4 16.3% 1333.5 
9   1599.8 110.7 96.8 98 127.4        1523 11.9     
10   1596 110 96 97.6 167.2        1549 15.8     
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100 days  testing              
45 % Humidity Exposure             
  
initial Mass Dimensions Load Wet+ Dry+ Pan 
 
Density Compn Moisture DRY 
Spec Mass at test A (L) B (W) C (H) 
 
Pan Pan   
 
  Stress Content Density 
No gm gm mm mm mm KN gm gm gm  kg/cum Mpa % kg/m3 
20   1476.9 110.2 96.6 97.3 166.4 1704.9 1628.7 229  1426 15.6 5.4% 1352.3 
21   1445 109 95.3 97.5 169.1        1427 16.3     
22   1461.7 109.1 97.4 97 136.4        1418 12.8     
               
80% Humidity Exposure             
  
initial Mass Dimensions Load Wet+ Dry+ Pan 
 
Density Compn Moisture DRY 
Spec Mass at test A (L) B (W) C (H) 
 
Pan Pan   
 
  Stress Content Density 
No gm gm mm mm mm KN gm gm gm  kg/cum Mpa % kg/m3 
25   1505.2 109.3 97.6 96.9 156.6 1744.7 1627.5 242.3  1456 14.7 8.5% 1342.5 
26   1550.4 110.4 96.7 97.5 148.5        1490 13.9     
27   1472.6 109.4 96.7 97.6 138.6        1426 13.1     
               
50% Humidity Exposure             
  
initial Mass Dimensions Load Wet+ Dry+ Pan 
 
Density Compn Moisture DRY 
Spec Mass at test A (L) B (W) C (H) 
 
Pan Pan   
 
  Stress Content Density 
No gm gm mm mm mm KN gm gm gm  kg/cum Mpa % kg/m3 
30   1435.2 108.9 96.2 97.8 159.2 1655.9 1582.1 230.4  1401 15.2 5.5% 1328.3 
31   1484.1 109.4 97.3 97.3 149.3        1433 14.0     
32   1459.2 109.5 95.5 97.3 168.1        1434 16.1     
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Appendix 5: Drying Shrinkage Data 
 
 
 Size: 75 x 75 x 280          
             
50%             
 Specimen  H090702A  Void 1.1   Difference     
             
 Date Day Weight 
Demec Top 
(1x10-5 
strain) 
Demec 
Bottom (1x10-
5 strain) 
Shrinkage 
Gauge 
(MM)  Top Bottom 
Avergae Top & 
Bottom 
(strain) 
Gauge 
(mm) 
Gauge 
(Strain) 
 3/07/2009 2 2299.5 728 748 3.199  0 0 0   
 6/07/2009 5 2226.2 712 719 3.149  16 29 23 0.05 0.000185 
 7/07/2009 6 2218.3 713 711 3.127  15 37 26 0.072 0.000267 
 8/07/2009 7 2212.3 709 704 3.101  19 44 32 0.098 0.000363 
 13/07/2009 12 2200.3 695 684 3.041  33 64 49 0.158 0.000585 
 15/07/2009 14 2197.7 689 680 3.025  39 68 54 0.174 0.000644 
 21/07/2009 20 2194.5 688 676 3.002  40 72 56 0.197 0.000730 
 25/07/2009 24 2193.7 704 686 2.991  24 62 43 0.208 0.000770 
 30/07/2009 29 2193.6 700 681 2.977  28 67 48 0.222  0.000822 
 26/08/2009 56   694 661    34 87 61   
 21/10/2009 112   665 630    63 118 91   
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Specimen  H090702B  Void 1.2   Difference     
            
Date Day Weight 
Demec Top 
(1x10-5 
strain) 
Demec 
Bottom (1x10-
5 strain) 
Shrinkage 
Gauge 
(MM)  Top Bottom 
Avergae Top & 
Bottom 
(strain) 
Gauge 
(mm) 
Gauge 
(Strain) 
3/07/2009 2 2310.7 659 754 1.529  0 0 0   
6/07/2009 5 2238.8 660 738 1.483  -1.00 16.00 7.50 0.046 17.037037 
7/07/2009 6 2230.7 646 729 1.458  13.00 25.00 19.00 0.071 26.296296 
8/07/2009 7 2224.8 643 719 1.426  16.00 35.00 25.50 0.103 38.148148 
13/07/2009 12 2212.1 625 694 1.356  34.00 60.00 47.00 0.173 64.074074 
15/07/2009 14 2209.4 620 689 1.350  39.00 65.00 52.00 0.179 66.296296 
21/07/2009 20 2205.8 619 685 1.324  40.00 69.00 54.50 0.205 75.925926 
25/07/2009 24 2204.6 639 695 1.292  20.00 59.00 39.50 0.237 87.777778 
30/07/2009 29 2204.4 632 691 1.301  27.00 63.00 45.00 0.228 84.444444 
26/08/2009 56   624 671    35.00 83.00 59.00   
21/10/2009 112   596 637    63 117 90.00   
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Specimen  H090702C  Void 1.3   Difference     
            
Date Day Weight Demec Top 
Demec 
Bottom 
Shrinkage 
Gauge 
 
Top Bottom 
Avergae Top & 
Bottom 
(strain) 
Gauge 
(mm) 
Gauge 
(Strain) 
3/07/2009 2 2330.4 755 760 1.171  0 0 0   
6/07/2009 5 2252.9 747 745 1.125 0 8.00 15.00 11.50 0.046 17.037037 
7/07/2009 6 2244.3 737 734 1.100 27.5 18.00 26.00 22.00 0.071 26.296296 
8/07/2009 7 2234.5 734 726 1.083 55 21.00 34.00 27.50 0.088 32.592593 
13/07/2009 12 2222.7 713 701 1.011 55 42.00 59.00 50.50 0.160 59.259259 
15/07/2009 14 2220.5 710 695 1.003 45.5 45.00 65.00 55.00 0.168 62.222222 
21/07/2009 20 2217.4 712 693 0.971 54.5 43.00 67.00 55.00 0.200 74.074074 
25/07/2009 24 2216.4 727 705 0.963 87 28.00 55.00 41.50 0.208 77.037037 
30/07/2009 29 2216.4 723 701 0.949  32.00 59.00 45.50 0.222 82.222222 
26/08/2009 56   723 683    32 77 54.50   
21/10/2009 112   692 649    63 111 87.00   
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Specimen  H090702D  Void 0   Difference     
            
Date Day Weight Demec Top 
Demec 
Bottom 
Shrinkage 
Gauge 
 
Top Bottom 
Avergae Top & 
Bottom 
(strain) 
Gauge 
(mm) 
Gauge 
(Strain) 
3/07/2009 2 2312.0 753 747 1.641  0 0    
6/07/2009 5 2236.4 744 732 1.596  9.00 15.00 12.00 0.045 16.666667 
7/07/2009 6 2227.9 737 720 1.572  16.00 27.00 21.50 0.069 25.555556 
8/07/2009 7 2221.4 735 717 1.541  18.00 30.00 24.00 0.100 37.037037 
13/07/2009 12 2206.5 712 690 1.471  41.00 57.00 49.00 0.170 62.962963 
15/07/2009 14 2204.0 708 682 1.467  45.00 65.00 55.00 0.174 64.444444 
21/07/2009 20 2200.3 712 682 1.434  41.00 65.00 53.00 0.207 76.666667 
25/07/2009 24 2199.0 726 691 1.418  27.00 56.00 41.50 0.223 82.592593 
30/07/2009 29 2199.0 725 690 1.414  28.00 57.00 42.50 0.227 84.074074 
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Specimen  H090702E  Void 2.2   Difference     
            
Date Day Weight Demec Top 
Demec 
Bottom 
Shrinkage 
Gauge 
 
Top Bottom 
Avergae Top & 
Bottom 
(strain) 
Gauge 
(mm) 
Gauge 
(Strain) 
3/07/2009 2 2211.9 759 756 1.437  0 0    
6/07/2009 5 2134.5 744 739 1.388  15.00 17.00 16.00 0.049 18.148148 
7/07/2009 6 2126.6 737 729 1.365  22.00 27.00 24.50 0.072 26.666667 
8/07/2009 7 2120.4 734 722 1.345  25.00 34.00 29.50 0.092 34.074074 
13/07/2009 12 2107.0 712 698 1.272  47.00 58.00 52.50 0.165 61.111111 
15/07/2009 14 2104.8 706 687 1.256  53.00 69.00 61.00 0.181 67.037037 
21/07/2009 20 2101.7 709 686 1.237  50.00 70.00 60.00 0.200 74.074074 
25/07/2009 24 2100.8 721 694 1.215  38.00 62.00 50.00 0.222 82.222222 
30/07/2009 29 2100.8 721 692 1.213  38.00 64.00 51.00 0.224 82.962963 
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Size: 75 x 75 x 280 
30%           
 Specimen  H090827A1      Difference    
            
 
Date Day 
Demec 
Top 
Demec 
Bottom 
   
Top Bottom 
Avergae Top & Bottom 
(strain) 
 
 28/8/2009 2 842 838    0 0 0  
 31/8/2009 5 830 823    12 15 13.5  
 9/01/2010 6 818 806    24 32 28  
 9/02/2009 7 805 789    37 49 43  
 9/09/2009 14 775 755    67 83 75  
 16/9/2009 21 762 748    80 90 85  
 23/9/2009 28 774 761    68 77 72.5  
 21/10/2009 56 768 753    74 85 79.5  
 16/12/2009 112 750 729    92 109 100.5  
                
            
 Specimen  H090827A2      Difference    
           
 
Date Day 
Demec 
Top 
Demec 
Bottom 
   
Top Bottom 
Avergae Top & Bottom 
(strain) 
 28/8/2009 2 858 836    0 0 0 
 31/8/2009 5 847 823    11 13 12 
 9/01/2010 6 835 809    23 27 25 
 9/02/2009 7 821 792    37 44 40.5 
 9/09/2009 14 793 760    65 76 70.5 
 16/9/2009 21 779 755    79 81 80 
 23/9/2009 28 789 767    69 69 69 
 21/10/2009 56 782 759    76 77 76.5 
 16/12/2009 112 768 736  90 100 95 
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 Specimen  H090827B2      Difference   
           
 
Date Day 
Demec 
Top 
Demec 
Bottom 
   
Top Bottom 
Avergae Top & Bottom 
(strain) 
 28/8/2009 2 859 837    0 0 0 
 31/8/2009 5 847 824    12 13 12.5 
 9/01/2010 6 835 808    24 29 26.5 
 9/02/2009 7 822 791    37 46 41.5 
 9/09/2009 14 799 761    60 76 68 
 16/9/2009 21 780 759    79 78 78.5 
 23/9/2009 28 790 772    69 65 67 
 21/10/2009 56 784 767    75 70 72.5 
 16/12/2009 112 769 746    90 91 90.5 
               
           
67%           
 Specimen  H090827B1         
           
 
Date Day 
Demec 
Top 
Demec 
Bottom 
   
Top Bottom 
Avergae Top & Bottom 
(strain) 
 28/8/2009 2 866 847    0 0 0 
 31/8/2009 5 854 835    12 12 12 
 9/01/2010 6 843 822    23 25 24 
 9/02/2009 7 832 809    34 38 36 
 9/09/2009 14 810 709    56 138 97 
 16/9/2009 21 823 796    43 51 47 
 23/9/2009 28 808 781    58 66 62 
 21/10/2009 56 804 768    62 79 70.5 
 16/12/2009 112 791 746    75 101 88 
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 Specimen  H090827C1         
           
 
Date Day 
Demec 
Top 
Demec 
Bottom 
   
Top Bottom 
Avergae Top & Bottom 
(strain) 
 28/8/2009 2 855 852    0 0 0 
 31/8/2009 5 844 839    11 13 12 
 9/01/2010 6 833 827    22 25 23.5 
 9/02/2009 7 822 820    33 32 32.5 
 9/09/2009 14 800 799    55 53 54 
 16/9/2009 21 802 791    53 61 57 
 23/9/2009 28 798 786    57 66 61.5 
 21/10/2009 56 789 770    66 82 74 
 16/12/2009 112 785 757    70 95 82.5 
               
           
           
 Specimen  H090827C2         
           
 
Date Day 
Demec 
Top 
Demec 
Bottom 
   
Top Bottom 
Avergae Top & Bottom 
(strain) 
 28/8/2009 2 855 853    0 0 0 
 31/8/2009 5 848 844    7 9 8 
 9/01/2010 6 837 832    18 21 19.5 
 9/02/2009 7 826 815    29 38 33.5 
 9/09/2009 14 798 790    57 63 60 
 16/9/2009 21 803 793    52 60 56 
 23/9/2009 28 800 789    55 64 59.5 
 21/10/2009 56 790 775    65 78 71.5 
 16/12/2009 112 781 759    74 94 84 
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Size: 50 x 150 x 185       
         
30%         
 Specimen  H091001N1L      
         
 
Date Day Demec Top Demec Bottom 
 
Top Bottom 
Avergae Top & Bottom 
(strain) 
 10/02/2009 2 876 849  0 0 0 
 10/05/2009 5 857 812  19 37 28 
 10/07/2009 7 819 787  57 62 59.5 
 14/10/2009 14 810 775  66 74 70 
 21/10/2009 21 808 779  68 70 69 
 28/10/2009 28 804 770  72 79 75.5 
 25/11/2009 56 797 754  79 95 87 
 20/1/2010 112 788 748  88 101 94.5 
             
         
 Specimen  H091001N2L      
         
 
Date Day Demec Top Demec Bottom 
 
Top Bottom 
Avergae Top & Bottom 
(strain) 
 10/02/2009 2 847 889  0 0 0 
 10/05/2009 5 831 862  16 27 21.5 
 10/07/2009 7 810 830  37 59 48 
 14/10/2009 14 784 818  63 71 67 
 21/10/2009 21 784 815  63 74 68.5 
 28/10/2009 28 780 814  67 75 71 
 25/11/2009 56 770 805  77 84 80.5 
 20/1/2010 112 769 797  78 92 85 
         
 
Appendices 
 
130 
 
 Specimen  H091001N3L      
         
 
Date Day Demec Top Demec Bottom 
 
Top Bottom 
Avergae Top & Bottom 
(strain) 
 10/02/2009 2 849 844  0 0 0 
 10/05/2009 5 830 813  19 31 25 
 10/07/2009 7 827 789  22 55 38.5 
 14/10/2009 14 784 769  65 75 70 
 21/10/2009 21 777 775  72 69 70.5 
 28/10/2009 28 781 766  68 78 73 
 25/11/2009 56 770 755  79 89 84 
 20/1/2010 112 762 759  87 85 86 
             
         
         
67% Specimen  H091005N1L      
         
 Date Day Demec Top Demec Bottom  Top Bottom 
Avergae Top & Bottom 
(strain) 
 10/06/2009 2 828 493  0 0 0 
 10/08/2009 4 821 490  7 3 5 
 10/12/2009 8 805 471  23 22 22.5 
 19/10/2009 15 807 461  21 32 26.5 
 26/10/2009 22 791 459  37 34 35.5 
 11/02/2009 29 772 435  56 58 57 
 30/11/2009 57 791 451  37 42 39.5 
 25/1/2010 113 768 430  60 63 61.5 
             
 
 Specimen  H091005N2L      
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 Date Day Demec Top Demec Bottom  Top Bottom 
Avergae Top & Bottom 
(strain) 
 10/06/2009 2 845 823  0 0 0 
 10/08/2009 4 843 818  2 5 3.5 
 10/12/2009 8 829 792  16 31 23.5 
 19/10/2009 15 814 803  31 20 25.5 
 26/10/2009 22 815 791  30 32 31 
 11/02/2009 29 795 764  50 59 54.5 
 30/11/2009 57 806 765  39 58 48.5 
 25/1/2010 113 786 754  59 69 64 
             
         
         
         
 Specimen  H091005N3L      
         
 Date Day Demec Top Demec Bottom  Top Bottom 
Avergae Top & Bottom 
(strain) 
 10/06/2009 2 838 840  0 0 0 
 10/08/2009 4 833 833  5 7 6 
 10/12/2009 8 814 810  24 30 27 
 19/10/2009 15 820 810  18 30 24 
 26/10/2009 22 807 801  31 39 35 
 11/02/2009 29 783 775  55 65 60 
 30/11/2009 57 799 788  39 52 45.5 
 25/1/2010 113 777 764  61 76 68.5 
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50% Specimen  091006N1L      
         
 
Date Day Demec Top Demec Bottom 
 
Top Bottom 
Avergae Top & Bottom 
(strain) 
 10/07/2009 2 488 878  0 0 0 
 10/09/2009 4 483 871  5 7 6 
 10/12/2009 7 459 820  29 58 43.5 
 19/10/2009 14 461 807  27 71 49 
 26/10/2009 21 430 782  58 96 77 
 11/02/2009 28 424 783  64 95 79.5 
 30/11/2009 56 406 766  82 112 97 
 25/1/2010 112 392 759  96 119 107.5 
             
         
         
 Specimen  H091006N2L      
         
 Date Day Demec Top Demec Bottom  Top Bottom 
Avergae Top & Bottom 
(strain) 
 10/07/2009 2 847 896  0 0 0 
 10/09/2009 4 844 889  3 7 5 
 10/12/2009 7 818 853  29 43 36 
 19/10/2009 14 803 814  44 82 63 
 26/10/2009 21 793 812  54 84 69 
 11/02/2009 28 789 805  58 91 74.5 
 30/11/2009 56 779 788  68 108 88 
 25/1/2010 112 757 765  90 131 110.5 
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 Specimen  H091006N3L      
         
 
Date Day Demec Top Demec Bottom 
 
Top Bottom 
Avergae Top & Bottom 
(strain) 
 10/07/2009 2 855 866  0 0 0 
 10/09/2009 4 851 861  4 5 4.5 
 10/12/2009 7 828 836  27 30 28.5 
 19/10/2009 14 810 820  45 46 45.5 
 26/10/2009 21 791 793  64 73 68.5 
 11/02/2009 28 786 790  69 76 72.5 
 30/11/2009 56 768 773  87 93 90 
 25/1/2010 112 773 776  82 90 86 
             
 
 
 
 
 
 
 
 
 
